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ENGINEERING  SOILS  MAP 

OF 
KNOX  COUNTY,  INDIANA 

INTRODUCTION 

The  engineering  soils  map  of  Knox  County,  Indiana  which  accompanies 
this  report  was  prepared  primarily  by  airphoto  interpretation  techniques 
using  accepted  principles  of  observation  and  inference  (1).  The  7"  x  9" 
aerial  photographs  used  in  this  study,  having  an  approximate  scale  of 
1:20,000,  were  taken  in  the  summer  of  1940  for  the  United  States  Department 
of  Agriculture  and  were  purchased  from  that  agency.  The  attached  engineer- 
ing soils  map  was  prepared  at  a  scale  ratio  of  1:63,360  (1  inch  =  1  mile). 

Standard  symbols  developed  by  the  staff  of  the  Airphoto  Interpretation 
Laboratory,  School  of  Civil  Engineering,  Purdue  University,  were  employed 
to  delineate  landform-parent  material  associations  and  soil  textures.  The 
text  of  this  report  represents  an  effort  to  overcome  the  limitations 
imposed  by  adherence  to  a  standard  symbolism  and  map  presentation. 

Extensive  use  was  made  of  the  Agricultural  Soil  Survey  of  Knox  County 
published  in  1981  (2).  It  was  particularly  useful  as  a  cross-reference  to 
check  soil  boundaries  and  in  locating  strip  mines,  gravel  pits,  ponds,  and 
stream  meanders  not  present  on  the  1940  aerial  photographs.  Also,  a  recon- 
naissance trip  was  made  to  the  county  to  resolve  ambiguous  soil  boundaries. 

The  map  and  report  are  part  of  a  continuing  effort  to  complete  a 
comprehensive  engineering  soil  survey  for  the  state  of  Indiana.  Therefore, 
a  consistent  mapping  of  soil  units  at  the  boundaries  of  previously  mapped 


Sullivan,  Daviess,  Pike,  and  Gibson  Counties  was  attempted. 

Included  on  the  map  is  a  set  of  subsurface  profiles.  They  illustrate 
approximate  variations  that  are  expected  in  the  general  soil  profiles  of 
the  major  soils  of  each  landform-parent  material  area.  The  profiles  were 
constructed  from  information  obtained  from  agricultural  literature  and  from 
boring  data  collected  for  roadway  and  bridge  site  investigations  (41-56). 
Boring  locations  are  shown  on  the  map,  and  Appendix  A  contains  a  summary  of 
classification  test  results  for  these  locations. 

The  text  of  this  report  supplements  the  engineering  soils  map  and 
includes  a  general  description  of  the  study  area,  descriptions  of  the  dif- 
ferent landform-parent  material  areas,  and  a  discussion  of  the  engineering 
considerations  associated  with  the  soils  found  in  Knox  County. 

The  predominant  agricultural  soils  associated  with  each  landform- 
parent  material  classification  are  covered  in  the  discussion  of  the  dif- 
ferent landforms  in  the  county.  The  physical,  chemical,  and  engineering 
index  properties  of  these  soils  are  included  in  Appendices  B  and  C. 

DESCRIPTION  OF  THE  AREA 
GENERAL 

Knox  County  is  located  in  southwestern  Indiana  as  illustrated  in  Fig- 
ure 1.  The  county  is  bounded  on  the  west  by  the  Wabash  River,  and  on  the 
east  and  south  by  the  White  River.  It  has  the  distinction  of  possessing 
more  river  boundary  than  any  other  county  in  the  state  (3).  The  northern 
boundary  of  the  county  follows  the  east-west  line  of  the  northern  edge  of 
T5N,   2nd   PM.   It  is  bordered  on  the  north  by  Sullivan  and  Greene,  east  by 


FIGURE  1.    LOCATION  MAP  OF  KNOX  COUNTY. 


Daviess,  south  by  Pike  and  Gibson  Counties  and  on  the  west  by  the  State  of 
Illinois.  Vincennes,  the  county  seat,  is  located  along  the  Wabash  River  in 
the  west-central  part  of  the  county,  approximately  105  miles  southwest  of 
Indianapolis. 

Knox  County  was  named  in  honor  of  Henry  Knox,  the  first  secretary  of 
war  (2).  It  was  the  first  county  formed  in  the  old  Northwest  Territory, 
and  originally  covered  all  of  Indiana  and  parts  of  Ohio,  Illinois,  Michi- 
gan, and  Wisconsin.  About  1815  it  was  given  its  present  boundaries  (2).  A 
large  portion  of  the  county  was  settled  before  the  adoption  of  the  rec- 
tangular system  of  survey,  therefore  only  a  portion  of  the  county  is 
divided  into  sections,  while  other  portions  are  divided  into  metes  and 
bounds  surveys  and  donations.  The  dividing  lines,  in  most  cases,  run 
northeast-southwest  and  northwest-southeast,  though  in  some  cases  they  are 
quite  irregular  (4). 

The  county  has  a  land  area  of  516  square  miles,  or  330,240  acres.  The 
greatest  use  of  land  within  the  county  is  for  agriculture  followed  by 
forested  lands  (5).  Most  urban  development  is  centered  around  Vincennes. 
General  land-use  categories  by  area  and  percent  of  total  area  are  listed  in 
Table  1. 


TABLE   1.   LAND  USE  IN  KNOX  COUNTY  (5), 


Land  Use 

Acres 

Percent 

Agriculture 

266,500 

80.7 

Urban 

15,814 

4.8 

Forest 

38,000 

11.5 

Water 

2,091 

0.6 

Wetland 

30 

<0.1 

Mined  Land 

311 

0.1 

Other 

7,494 

2.3 

Total 

330,240 

100.0 

Knox  County  has  a  population  of  about  41,838  (1980  census).  The  popu- 
lation remained  relatively  stable  between  1970  and  1980.  A  population  sum- 
mary of  the  cities  and  towns  in  the  county  is  given  in  Table  2. 

TABLE   2.   POPULATION  SUMMARY  OF  KNOX   COUNTY  (6). 


City/Town 

1980 

1970 

Difference 

%  Change 

Bicknell 

4,713 

3,717 

996 

26.80 

Bruceville 

646 

627 

19 

3.03 

Decker 

256 

268 

-12 

-4.48 

Edwardsport 

459 

482 

-23 

-4.77 

Monroe  City 

569 

603 

-34 

-5.64 

Oaktown 

776 

726 

50 

6.89 

Sandborn 

567 

528 

48 

9.09 

Vincennes 

20,857 

19,867 

990 

4.98 

Wheatland 

523 

562 

-30 

-5.34 

Cities/Towns 

29,384 

27,380 

2,004 

7.34 

Rural  Areas 

12,454 

14,166 

-1,712 

-12.09 

County  Total 

41,838 

41,546 

292 

0.70 

CLIMATE 

The  climate  of  Knox  County  is  continental,  humid,  and  temperate  with 
hot  summers  and  moderately  cold  winters.  Table  3  gives  data  on  temperature 
and  precipitation  for  the  area,  as  recorded  at  Vincennes,  for  the  period 
1951  to  1974  (2). 


The  average  winter  temperature  is  32  degrees  F,  with  the  lowest  tem- 
perature on  record  being  -19  degrees  F.  In  summer  the  average  temperature 
is  75  degrees  F,  with  the  highest  recorded  temperature  being  107  degrees  F. 
Of  the  total  annual  precipitation,  approximately  60  percent  falls  between 
April  and  September.  Average  seasonal  snowfall  is  13  inches.  The  prevail- 
ing wind  is  from  the  south-southwest  with  the  highest  average  windspeed,  10 
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mph,  occurring  in  the  spring  (2). 


DRAINAGE  FEATURES 

Drainage  features  of  Knox  County  are  shown  in  Figure  2,  "Drainage 
Map-Knox  County,  Indiana,"  prepared  by  the  Joint  Highway  Research  Project, 
Purdue  University,  1952  (7).  Knox  County  lies  within  two  major  watersheds 
of  the  State  of  Indiana  as  illustrated  in  Figure  3.  The  western  half  of 
the  county  is  located  in  the  Wabash  River  watershed,  while  the  remainder  is 
in  the  White  River  watershed. 

The  main  streams,  from  north  to  south,  that  drain  the  western  half  of 
Knox  County  to  the  Wabash  River  are  Busseron  Creek,  Maria  Creek,  Smalls 
Creek,  Snapp  Creek,  and  Swan  Pond  Ditch.  The  main  streams  that  empty  into 
the  White  River,  from  north  to  south,  are  Black  Creek,  Splunge  Creek, 
Indian  Creek,  Pond  Creek,  Wilson  Creek,  and  Plass  Ditch  (7). 

A  well  developed,  fine-textured,  subdendritic  drainage  pattern  is 
found  on  the  loess  covered  uplands  in  the  central  portion  of  the  county. 
The  flood  plains  of  the  Wabash  and  White  Rivers  have  the  anastomotic 
drainage  pattern  usually  found  in  mature  valleys.  Sand  areas,  located 
throughout  the  county,  exhibit  a  lack  of  developed  surface  drainage.  The 
drainage  of  the  extensive  slackwater  plains  and  low  gradient  alluvial 
plains  have  been  augmented  by  many  dredged  ditches,  creating  a  somewhat 
rectilinear  pattern  in  these  areas  (7). 

Drainage  density  data  for  selected  streams  in  Knox  County  is  given  in 
Table  4  (8). 


FIGURE  2.    DRAINAGE  MAP  OF  KNOX  COUNTY  (7). 


FIGURE  3.    MAJOR  WATERSHEDS  OF  INDIANA  (26). 
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Although  there  are  no  natural  lakes  In  Knox  County,  numerous  oxbow 
lakes  have  resulted  from  abandoned  meanders  of  the  Wabash  and  White  Rivers. 
Some  of  the  larger  oxbow  lakes  are  listed  in  Table  5  along  with  their  loca- 
tions. 

TABLE   5.   OXBOW  LAKES  IN  KNOX  COUNTY 


Oxbow  Lake 

Floodplain 

Location 

Gray's  Pond 

Wabash 

Sec 

16,  T5N,  R10W 

Brodies  Lake 

Wabash 

Sec 

27,  34;  T5N;  R10W 

Maria  Pond 

Wabash 

Sec 

23,  T4N,  R10W 

Horseshoe  Pond 

Wabash 

Sec 

14,  T2N,  R11W 

Swan  Pond 

Wabash 

Sec 

4,  TIN,  R11W 

Wabash  Pond 

Wabash 

Sec 

20,  21;  T1S;  R11W 

Claypole  Pond 

White 

Sec 

6,  T1S,  R11W 

Half  Moon  Pond 

White 

Sec 

33,  34;  TIN;  R9W 

Hills  Pond 

White 

Sec 

3,  4;  TIN;  R9W 

Long  Pond 

White 

Sec 

23-26,  T2N,  R8W 

Clear  Pond 

White 

Sec 

14,  23;  T2N;  R8W 

Lakes  formed  by  surface  coal  mining  are  abundant  in  the  northeastern 
part  of  the  county.  The  attached  map  shows  a  large  concentration  of  coal- 
mine lakes  near  Bicknell.  Also,  many  man-made  lakes  and  farm  ponds  have 
been  constructed  in  the  uplands.  Cypress  Swamp  occupies  the  Wabash  flood- 
plain  in  the  extreme  southwest  portion  of  the  county. 


The  meandering  nature  of  the  Wabash  and  White  Rivers  has  isolated  por- 
tions of  Knox,  Daviess,  Gibson,  and  Pike  Counties,  as  well  as  the  State  of 
Illinois,  into  several  island-like  tracts.  Also,  the  courses  of  several 
small  streams  have  been  interrupted  in  many  places  by  strip  mining  opera- 
tions. Flooding  over  the  wide  flood  plains  of  the  Wabash  and  White  Rivers 
is  common  during  high  water  seasons  (7).  However,  extensive  levee  develop- 
ment protects  much  of  this  area  in  Knox  County. 
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Streamflow  analyses  for  the  Wabash  River  (at  Vincennes),  the  White 
River  (at  Petersburg,  Pike  County),  and  Busseron  Creek  (near  Carlisle,  Sul- 
livan County)  are  given  in  Appendix  D.  Each  station  analysis  includes 
lowest  and  highest  mean  daily  discharges;  flow  duration;  statistics  on  nor- 
mal monthly  means ,  log  monthly  means ,  log  annual  means ;  and  annual  peak 
discharges  (10). 

Low-flow  characteristics  for  the  Wabash  River,  the  White  River, 
Busseron  Creek,  Maria  Creek,  and  Black  Creek  are  given  in  Appendix  E. 
Selected  low-flow  frequency  and  flow-duration  values  are  given  for  all  five 
streams.  Also,  annual  and  summer  (June-August)  low-flow  frequency  data  are 
presented, as  well  as  duration  data  for  the  selected  periods:  3  months 
(June-August),  3  months  (August-October),  6  months  (May-October),  and  12 
months  (October-September)  for  the  Wabash  River,  the  White  River,  and 
Busseron  Creek  (11). 

WATER  SUPPLY 

Knox  County  is  located  in  the  Mississipian  and  Pennsylvanian  Sandstone 
Groundwater  Section  of  Indiana  (Figure  4).  This  section  is  characterized 
by  the  fact  that  sandstone  formations  are  the  most  widespread  aquifers  in 
the  area.  This  is  the  only  groundwater  section  in  the  state  where  sand- 
stone aquifers  are  widespread  and  are  used  extensively  (26). 

Bedrock  aquifers  in  Pennsylvanian  sandstones  are  the  principal  source 
of  groundwater  in  the  upland  areas  of  Knox  County.  These  aquifers  are  used 
mainly  for  domestic  and  livestock  water  supply.  Well  depths  in  this  region 
range   from  approximately   40  to  400  feet,  with  an  average  depth  generally 
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FIGURE  4.    GROUNDWATER  SECTIONS  OF  INDIANA  (26). 
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less  than  200  feet.  The  yields  from  these  wells  are  usually  less  than  20 
gallons  per  minute.  In  areas  where  groundwater  yields  are  insufficient, 
constructed  ponds  provide  the  necessary  water  supply  (2). 

On  the  flood  plains  and  outwash  terraces  along  the  Wabash  and  White 
Rivers  the  underlying  sand  and  gravel  provide  the  main  source  of  groundwa- 
ter. These  unconfined  aquifers  yield  several  hundred  gallons  per  minute. 
They  provide  the  cities  of  Vincennes,  Bicknell,  Freelandville,  Oaktown, 
Bruceville,  Wheatland,  and  Sandborn  with  their  water  supply.  Also,  a 
county  wide  water  system  is  being  developed  in  some  portions  of  the  county 
(2). 

PHYSIOGRAPHY 

Knox  County  is  located  within  the  Wabash  Lowland  physiographic  pro- 
vince of  the  State  of  Indiana  as  shown  on  Figure  5.  In  respect  to  its  phy- 
siographic situation  in  the  United  States  it  is  in  the  Till  Plains  section 
of  the  Central  Lowland  province  (3). 

TOPOGRAPHY 

The  surface  of  Knox  County  varies  from  broad  nearly  level  flood 
plains,  terraces,  slackwater  plains,  and  lacustrine  plains  along  the  Wabash 
and  White  Rivers  to  rolling,  highly  dissected  sand  and  loess  covered 
uplands  in  the  central  portion  of  the  county.  The  general  topography  of 
Knox  County  is  shown  on  Figure  6. 


15 


EXPLANATION 


Northern  Moraine  and  Lake  Reqion 

1  Co/umet  Locustrme  Ploin 

2  Valparaiso  khromoi  Area 

3  Kon*a*e*  Outmost*  004 

LOClrttrino  PlQifl 

4  Stoubtr*  kloramal  Lo*o  Arta 

5  vawnet  Loeustrma  Plain 


H         I         G         A         N 

K    ELKHART*"!       LAGRANGE*  T     STEUBEN  "1 

*N$>  .  •    •  ;,.  •'     -     * 

^  -1    ~—\ 

y.:         j!  "     NOSLf  ~~T    DEKALB      j 


T.pton  Till  Plain 


Dearborn  Upland 
Muscaiatuck  Regional  Slope 


Scoiisburq  Lowland 
Mormon  Upland 


Crawford  Upland 


Wabash  Lowland 


f    CARROLL       I  I  ■ 

|       J  GRANT  : 

K-PPTCANOE-J                       I          HOWARD-  H  IbTaCkT 

.-■■...  -  *            r^        I  |   FORO   < 

I"  "CLINTON  1     !TSt«=— 1 

^    RANDOLPH     I 
-      '       ((FOUNTAIN  pONTGOMESlj __ «HAMilfO~r|  I ^.^ -,      j 

P~(  f-^-^u-f  j 

I       /  '  O  "  if         \  I       HENRY--!  . 

_,      [z! |CrO-.Or^„.j  &  |  I  rj\—*n£* 

=  V^^l       p    fHETwRTcKS-r-tARToV-j-^"^^ 

™*sn  Lo^napoJis         «. 

$nT VISCOUS'*  CMCM  &  j     !/  — 

.  .OHNSO-N  $      j       M/,f 

-vvl        kK^Hf\> 

,    /    icMoMintville  I    SHELBY  Ni— i^-^Xt 

.yjCotaTaeti  /   ^  i..   .     ,-t  ■■.■.«;{  V_V-f  OECATURi 


WAYNE    .     O 


o       o       io      20      30     40  Miles 
i i i i i i i 


FIGURE  5.    PHYSIOGRAPHIC  UNITS  AND  GLACIAL  BOUNDARIES  IN  INDIANA  (40). 
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17 

The  Wabash  valley  is  wide  and  gently  sloping  with  elevations  less  than 
500  feet.  The  surface  of  outwash  terrace  remnants  adjacent  to  the  Wabash 
stand  425  to  430  feet  above  sea  level  at  the  northern  edge  of  the  county, 
and  slope  downstream  with  a  gradient  of  approximately  eight  inches  per 
mile,  reaching  an  elevation  of  about  410  feet  at  the  southern  end  of  the 
county  (12).  Level  flats  are  also  located  within  the  tributary  valleys  of 
the  Wabash  and  White  Rivers.  The  elevation  of  these  lacustrine  (slackwa- 
ter)  plains  and  terraces  decrease  downstream  in  successive  tributaries  in 
accordance  with  valley  train  filling  and  subsequent  tributary  ponding  dur- 
ing Wisconsinan  glaciation  (13).  Slackwater  terraces  associated  with 
Busseron,  Maria,  Smalls,  and  Snapp  Creek,  tributaries  of  the  Wabash  from 
north  to  south,  range  in  elevation  from  about  460  feet  in  the  north  to 
approximately  440  feet  in  the  south  (12).  Slackwater  plains  in  the  tribu- 
taries of  the  White  River  are  at  a  slightly  higher  altitude.  Well 
developed  plains  are  present  at  an  elevation  of  480  feet  in  the  Black  Creek 
Valley  and  460  feet  in  the  Indian  Creek  Valley  to  the  south  (13).  The 
level  topography  of  these  flood  plains,  terraces,  and  slackwater  plains  is 
modified  in  numerous  locations  by  loess  and  sand  dune  development. 

An  interesting  topographic  effect  in  Knox  County  is  the  presence  of 
numerous  partially  buried  bedrock  hills  that  rise  above  the  Wabash  flood- 
plain.  These  hills  of  circumnavigation  (14)  have  survived  the  erosive  flu- 
vial and  glacial  forces  which  have  removed  the  surrounding  land.  Table  6 
gives  the  name,  location,  altitude  above  sea  level,  and  the  height  relative 
to  the  surrounding  flood  plain  of  the  larger  hills  of  circumnavigation  in 
Knox  County. 
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TABLE   6.   HILLS  OF  CIRCUMNAVIGATION  IN  KNOX  COUNTY  (15,16), 


Name 

Location 

Altitude 

Height 

(feet) 

(feet) 

Wolf  Hill 

Sec  11,12; 
T4N;  R10W 

526 

110 

Bunker  Hill 

SW  corner 
T3N,  R10W 

485 

70 

La  Mamelle 

Sec  27, 
T2N,  R11W 

423 

15 

Chimney  Hills 

Sec  29,  T2N,  R10W 
to  Sec  6,  TIN,  R10W 

500 

90 

Dicksburg  Hills 

West  edge  of 
TIN,  R10W 

540 

150 

Claypole  Hills 

NE  corner 
TIN,  R12W 

500 

80 

The  bedrock  core  of  these  hills  is  predominantly  massive  sandstone  with  the 
exception  of  Bunker  Hill,  which  has  a  mostly  shale  core  (15,16).  However, 
the  topographic  expression  of  these  hills  is  derived  mainly  from  their  man- 
tle of  loess  and  sand  dune  deposits,  which  on  some  is  quite  significant. 


The  central  portion  of  Knox  County  consists  of  a  rolling,  dissected 
upland.  Wind-blown  sand  deposits  give  the  western  part  of  the  uplands  a 
dunelike  appearance.  This  region  is  generally  absent  of  any  stream  dissec- 
tion. The  rest  of  the  uplands,  mantled  mainly  by  loess,  consist  of  gently 
rolling  to  rolling  relief  as  the  result  of  moderate  stream  dissection  in 
these  areas.  The  valleys  are  broad  and  U-shaped,  with  gently  sloping 
sides.  Areas  of  thorough  dissection  occur  east  of  Bruceville,  south  of 
Bicknell,  and  southeast  of  Monroe  City.  In  these  locations,  erosion  is 
active,  and  the  valley  slopes  are  very  steep  (7).  A  few  broad  interstream 
divides  occur  in  the  areas  of  Freelandville  and  south  of  Bruceville  (7). 
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The  highest  elevation  in  Knox  County  is  620  feet  above  sea  level.  It 
is  located  along  State  Highway  67  approximately  three  miles  west  of  Bick- 
nell  in  donation  122.  The  lowest  is  376  feet  above  sea  level  and  is 
located  at  the  junction  of  the  Wabash  and  White  Rivers  (2). 


GEOLOGY  OF  KNOX  COUNTY 

The  surface  and  near  surface  geology  of  Knox  County  consists  of 
bedrock  of  Paleozoic  age  and  unconsolidated  materials  of  the  Quaternary 
period.  The  bedrock  lithologies  are  mainly  sandstones  and  shales  of 
Pennsylvanian  Age.  The  Quaternary  sediments  were  deposited  by  glacial 
processes  during  the  Pleistocene  Epoch  and  reworked  by  wind  and  water  dur- 
ing that  period  and  in  Recent  times. 

BEDROCK  GEOLOGY 

Knox  County  lies  within  the  Sullivan  Lowland  bedrock  physiographic 
unit  of  the  State  of  Indiana  (3).  The  county  is  underlain  by  rocks  of 
Pennsylvanian  age  (Figure  7)  that  generally  strike  northwest  and  dip 
southwest  at  25  to  30  feet  per  mile  into  the  Illinois  Basin  (Figure  8).  A 
very  generalized,  east-west,  geologic  cross-section  through  Knox  County  is 
given  as  Figure  9. 

The  stratigraphy  of  the  Pennsylvanian  formations  and  coal  members  that 
underlie  Knox  County  is  shown  on  Figure  10.  Also,  the  areal  extent  of  the 
Pennsylvanian  groups  is  shown  on  Figure  11. 


20 


EXPLANATION 


Scole  ot  miles 

O         10         20        x>        40        50 


FIGURE  7.    BEDROCK  GEOLOGY  OF  INDIANA. 
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FIGURE  8.    STRUCTURAL  SETTING  OF  KNOX  COUNTY. 
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EXPLANATION 

McLeansboro  Group,  middle  part    Shale, 
Sandstone,  Limestone,  and  thin  Coal. 

Mcleansboro  Group,  lower  part  shale, 
sandstone,  limestone,  and  thin  coal,  WF, 
top  of  West  Franklin  limestone  member. 

Carbondale  Group    Shale,  Sandstone, 
Limestone,  Clay,  and  Coal.  V,  top  of 
Springfield  Coal  (V)  Member. 

Raccoon  Creek  Group    Shale,  Sandstone, 
Limestone,  Clay,  and  Coal. 


FIGURE  11.    BEDROCK  GEOLOGY  OF  KNOX  COUNTY  (22). 
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The  McLeansboro  Group  consists  mainly  of  shale,  sandstone,  and  minor 
amounts  of  siltstone,  limestone,  clay,  and  coal  (17).  The  Carbondale  Group 
is  a  variable  sequence  of  sandstone,  shale,  limestone,  and  coal.  The  com- 
mercial coal  beds  in  Knox  County  are  found  in  this  group  (17).  The  Spring- 
field Coal  Member  (V),  the  top  of  which  is  traced  on  Figure  11  ,  provides 
much  of  the  strip-mined  coal  in  the  northeast  part  of  the  county.  Shale 
and  sandstone  dominate  the  lithology  of  the  Raccoon  Creek  Group.  Clay, 
coal,  limestone,  chert,  and  sedimentary  iron  deposits  are  also  present  in 
small  amounts  (17). 

Outcropping  rock  is  not  common  in  Knox  County;  however,  rock  forms  the 
beds  in  some  streams  and  is  nearly  always  exposed  near  the  base  of  the 
hills  of  circumnavigation.  These  outcrops  consist  mainly  of  thick-bedded, 
resistant  sandstone.  A  thick-bedded  upper  Pennsylvanian  sandstone  is 
exposed  in  a  road  cut  on  US  41  at  Maria  creek  (16). 

The  Dicksburg  Hills  Sandstone  Member  (Patoka  Formation  of  McLeansboro 
Group)  is  exposed  in  the  Dicksburg  Hills  in  the  SW  1/4  sec  18,  TIN,  R10W. 
It  is  a  massive,  fine  to  coarse  grained,  cross-bedded  sandstone  containing 
quartz  and  clay  pebbles.  The  sandstone  at  Dicksburg  Hills  is  50  feet  thick 
(17).  Also,  Shaver  (17)  reports  that  the  St.  Wendel  Sandstone  Member  (Bond 
Formation  of  McLeansboro  Group)  outcrops  in  the  bluffs  adjacent  to  the 
Wabash  in  Knox  County.  This  rock  unit  is  a  medium-grained,  micaceous,  mas- 
sive sandstone  commonly  ranging  from  45  to  55  feet  in  thickness  (17). 

Stratigraphic  correlations  between  isolated  sandstone  outcrops  is  dif- 
ficult as  some  of  the  thick  sandstones  grade  laterally  into  sandy  shale 
(17).   The  Meron  Sandstone  (Matton  Formation  of  McLeansboro  Group),   for 
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example,   has  been  incorrectly  correlated  with  numerous  outcrops  in  the 

county.   According  to  Shaver  (17),  many  workers  have  called  the   Inglefield 

Sandstone  Member   (Patoka  Formation  of  McLeansboro  Group)  and  some  higher 
sandstones  in  the  county  the  Meron. 

There  are  some  small  limestone  quarries  in  the  northeastern  part  of 
the  county,  but  the  beds  are  thin  and  the  stripping  heavy.  Also,  some 
limestone  is  located  in  the  north-central  portion  of  the  county;  the  most 
extensive  quarry  is  in  sec  21,  T4N,  R8W,  2nd  PM.  It  has  four  feet  of  hard 
limestone  (4). 

The  general  bedrock  topography  of  Knox  County  is  illustrated  in  Figure 
12.  Bedrock  exhibits  the  highest  elevation,  greater  than  550  feet  above 
mean  sea  level,  in  the  central  portion  of  the  county  and  the  lowest,  less 
than  300  feet,  in  the  lower  Wabash  and  White  River  Valleys. 

PLEISTOCENE  GEOLOGY 

Illinoian  ice  advanced  through  Knox  County  filling  pre-Illinoian  val- 
leys with  drift  and  incorporating  the  area  into  a  large  flat  till  plain 
(12).  The  central  upland  region  of  the  county  is  a  remnant  of  this  rela- 
tively flat  glacial  plain;  however,  today  it  is  quite  dissected  and 
obscured  by  loess  deposits.  Illinoian  till  in  Knox  County  is  exposed  only 
on  very  small  isolated  upland  remnants. 

Lacustrine  and  eolian  deposition  during  this  period  existed  in  the 
region  but  was  either  not  pronounced,  or  has  been  eroded  in  Knox  County. 

Withdrawal  of  the  Illinoian  glacier  marked  the  start  of   the   Sangamon 
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FIGURE  12.    TOPOGRAPHY  OF  BEDROCK  SURFACE  IN  KNOX  COUNTY  (18). 
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interglacial  stage  of  erosion  and  weathering.  During  this  time  the  Wabash 
and  White  Rivers  were  once  again  developed  on  the  till  plain  above  their 
buried  valleys  because  of  differential  compaction  of  the  glacial  drift 
(16).  Also,  small  consequent  valleys  were  developed  on  the  gentle, 
southward-sloping  glacial  plain.  The  till  was  eventually  removed  to  or 
nearly  to  the  bedrock  floors  of  the  preglacial  Wabash  and  White  drainage 
systems.  Till  above  bedrock  valley  floors  has  not  been  recognized  in  many 
well  records  in  the  county  (16).  Such  widespread  and  deep  erosion  was 
probably  the  result  of  minor  regional  uplift  or  rebound  of  the  earth's 
crust  after  the  ice  had  been  removed. 

The  Sangamon  interglacial  stage  was  also  a  time  of  minor  eolian  depo- 
sition in  the  region;  however,  nearly  all  evidence  of  these  deposits  have 
been  removed  by  erosion  in  Knox  County  (16). 

Following  the  Sangamon  stage,  Knox  County  was  approached  by  continen- 
tal glaciers  of  Wisconsinan  age.  The  county  was  not  covered  by  Wisconsinan 
ice;  however,  as  the  glaciers  advanced  upon  the  region  from  the  north,  the 
Wabash  and  White  River  Valleys  served  as  sluiceways  for  melt  waters  from 
the  ice  front.  The  melt  waters  carried  great  volumes  of  detritus  derived 
from  country  rock  and  Illinoian  till  from  the  north.  This  detritus  was 
dropped  ahead  of  the  ice  in  the  Wabash  and  White  Valleys  creating  extensive 
valley  train  deposits  (13). 

At  the  maximum  extension  of  the  ice  in  Wisconsinan  time,  the  terminus 
of  the  glacier  was  about  45  miles  north  of  the  northern  border  of  Knox 
County  as  shown  on  Figure  5.  At  this  time,  valley-filling  reached  its  max- 
imum,  and   portions   of  the  old  uplands  were  completely  buried  beneath  the 
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valley  train  materials  (12). 

As  the  ice  again  withdrew  to  the  north,  melt  waters  continued  to 
discharge  down  the  major  valleys  in  the  county;  however,  the  greater  part 
of  their  detrital  load  was  north  of  the  Shelhyville  terminal  moraine  (12). 
The  surface  of  the  maximum  valley-fill  in  Wisconsinan  time,  when  the  ice 
sat  at  the  Shelbyville  moraine,  is  called  the  Shelhyville  terrace.  Rem- 
nants of  the  Shelbyville  terrace  surface  exist  in  northern  Knox  County 
where  they  are  associated  with  high-level  fluves  that  isolate  upland  tracts 
in  the  Wabash  Valley  (16). 

The  valley  trains  were  built  down  the  sluiceways  of  the  Wabash  and 
White  Rivers  so  rapidly  that  their  tributary  streams  could  not  keep  pace  in 
building  their  floors.  As  a  result,  the  tributary  valleys  were  ponded,  and 
an  extensive  system  of  lakes  was  formed.  These  lakes  are  represented  by 
lacustrine  (slackwater)  plains  whose  levels  coincide  closely  with  the  alti- 
tude of  the  valley  train  which  occupied  the  adjacent  sluiceway  (12).  Some 
of  these  lacustrine  deposits  have  been  eroded  as  the  tributaries  regained 
their  flood  plains,  resulting  in  slackwater  terrace  surfaces.  Figure  13  is 
a  block  diagram  that  shows  the  general  relation  between  these  slackwater 
deposits,  outwash  deposits,  and  recent  stream  deposits. 

Also  during  valley-filling,  as  the  floor  of  the  Wabash  was  constructed 
increasingly  higher,  the  river  occasionally  spilled  over  lower  places  in 
upland  spurs  between  tributaries  of  the  main  valley,  removing  residual 
material  and  wearing  down  the  bedrock  of  the  newly  selected  route  (12). 
The  result  was  isolated  bedrock  highs  within  the  sluiceway.  These  hills  of 
circumnavigation  are  listed  in  Table  6. 
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FIGURE  13.  Block  diagram  showing  relation  of  lake  deposits  to  tributary  valleys, 
glacial  outwash  (sand  and  gravel)  in  main  valley,  and  associated  stream 
deposits.  Diagram  does  not  show  a  specific  place  but  incorporates  many 
features  typical  of  lake  deposits  and  terraces  that  they  form.  Width  of  block 
about  10  miles;  depth  of  block  about  200  feet.  (19). 
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Following  the  withdrawal  of  the  Wisconsinan  ice  sheet  to  the  northeast 
from  the  Shelbyville  moraine,  another  terrace  level  was  developed  along  the 
Wabash,  leaving  the  Shelbyville  surfaces  as  high  terraces  in  the  county. 
Fidler  applied  the  name  Maumee  to  this  erosional  terrace  because  he 
believed  that  it  developed  during  the  time  that  the  Wabash  Valley  was  the 
outlet  for  the  overflow  waters  of  Glacial  Lake  Maumee,  the  ancestor  of  Lake 
Erie  (16). 

Since  its  development  in  late  Wisconsin  time,  the  Maumee  terrace  level 
has  been  eroded  to  a  large  extent  in  Knox  County  by  the  development  of  a 
very  expansive  Wabash  flood  plain.  However,  there  are  many  remnants  of  the 
Maumee  terrace  extending  along  the  Wabash  from  Vincennes  to  the  White 
River.  These  vary  in  size  and  are  often  highly  dissected  by  flood  plain 
fluves.  The  city  of  Vincennes  is  built  partially  upon  a  large  remnant  of 
the  Maumee  terrace  (16). 

Throughout  Wisconsinan  and  Illinoian  time  in  Knox  County,  prevailing 
westerly  winds  have  picked  up  sand  and  silt  from  the  Wabash  valley  train 
and  have  deposited  them  on  the  uplands  to  the  east  (20).  The  sand  was 
blown  relatively  short  distances,  but  the  silt  was  deposited  over  a  much 
larger  area. 

Sand  dunes  are  scattered  throughout  Knox  County.  They  are  most  protn- 
inant  on  the  terrace  surfaces  in  the  northern  part  of  the  county,  and  on 
the  bluffs  of  the  Wabash  south  of  Vincennes.  Nearly  all  the  upland  areas 
of  the  county  are  covered  by  deep  loess  deposits.  Also,  dunes  and  loess 
mantle  all  the  hills  of  circumnavigation. 
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Since  the  Maumee  erosional  period,  seasonal  floods  and  lateral  erosion 
of  the  meandering  Wabash  and  White  Rivers  have  resulted  in  their  present 
wide  flood  plains  and  alluvial  deposition.  Also,  their  channels  are 
presently  shifting  locally  leaving  many  abandoned  meanders  and  channel 
scars. 

Figure  14  is  a  schematic  cross-section  showing  the  general  geometry  of 
the  unconsolidated  deposits  in  the  Wabash  River  valley.  East  and  west  are 
not  labeled  as  the  figure  illustrates  relations  that  exist  on  both  sides  of 
the  valley.  Figure  15  illustrates  the  general  distribution  of  the  dif- 
ferent types  of  unconsolidated  deposits  in  Knox  County,  and  Figure  16  shows 
their  approximate  thickness.  The  thickest  deposits  of  unconsolidated 
material  are  found  in  the  southeast  corner  of  the  county,  while  the  drift 
is  thinnest  in  the  central  and  northern  regions. 


LANDFORM-PARENT  MATERIAL  REGIONS 

The  engineering  soils  in  Knox  County  are  derived  primarily  from  uncon- 
solidated material.  These  materials  are  classified  according  to  parent 
material  and  landform  in  the  following  section.  Seven  parent  material 
units  are  mapped  in  the  county.  They  are:  eolian  drift,  lacustrine  drift, 
fluvial  drift,  glacial-fluvial  drift,  cumulose  drift,  and  mined  land.  The 
parent  materials  are  further  divided  into  individual  landforms  for  discus- 
sion purposes. 

Each  landform-parent  material  region  is  characterized  by  its  overall 
extent,   surface  morphology  and  character,  and  general  soil  profile.   Soils 
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FIGURE  14.    GENERALIZED  CROSS-SECTION  OF  THE 
WABASH  RIVER  VALLEY  (21). 
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FIGURE  15.    UNCONSOLIDATED  DEPOSITS  OF  KNOX  COUNTY  (22). 
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FIGURE  16.    THICKNESS  OF  UNCONSOLIDATED  DEPOSITS  IN  KNOX  COUNTY  (23). 
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are  classified  in  the  profile  description  using  both  the  United  States 
Department  of  Agriculture  textural  designation,  i.e.  silt  loam,  and  the 
American  Association  of  State  Highway  Officials  (AASHTO)  system,  i.e.  A-6. 
Also,  the  agricultural  soils  that  form  in  each  unit  are  given.  The  physi- 
cal, chemical,  and  engineering  index  properties  of  these  soils  are 
presented  in  Appendices  B  and  C.  Boring  numbers,  which  correlate  to  the 
classification  test  results  given  in  Appendix  A,  are  also  stated  for  each 
soil  unit. 

Engineering  considerations  for  each  parent  material  region  are  dis- 
cussed also.  This  section  gives  the  investigator  a  general  idea  of  the 
material  behavior  and  possible  problems  encountered  within  each  landform- 
parent  material  region. 

EOLIAN  DRIFT 

Eolian  (wind  deposited)  drift  is  the  predominant  parent  material  found 
in  Knox  County.  These  deposits  of  loess  and  sand  were  deposited  mainly 
during  Wisconsinan  glaciation.  Extensive  loess  deposits  cover  nearly  all 
the  upland  areas  in  the  county,  while  sand  dunes  are  most  prominant  on  the 
bluffs  adjacent  to  the  Wabash  Valley.  In  these  upland  locations  there  is  a 
fairly  well-defined  division  between  the  sand  and  the  loess,  however,  in 
some  areas  near  their  contact,  a  thin  veneer  of  sand  may  extend  over  the 
loess.  These  deep  eolian  deposits  nearly  always  overlie  clayey  Illinoian 
drift.  Wind-blown  sand  with  incipient  dune  development  is  also  prominant 
on  outwash  terraces  along  the  Wabash  River,  and  scattered  dunes  are 
developed  throughout  the  lowlands.    Loess   is   found   covering   slackwater 
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deposits   in  the  northern  part  of  the  county,  and  dunes  and/or  loess  mantle 
all  the  hills  of  circumnavigation. 

The  thickness  of  loess  deposits  in  Knox  County  is  illustrated  by  Fig- 
ure 17.  This  figure  shows  isothickness  lines  and  measurement  locations  of 
total  loess  thickness,  in  inches,  based  on  investigations  by  Fehrenbacher 
(21).  Appendix  F  catalogues  the  location,  thickness  of  the  loess,  and  a 
description  of  the  underlying  material  for  each  measurement  point  on  Figure 
17.  These  data  show  that  the  thickest  deposits,  of  over  250  inches,  are 
found  adjacent  to  the  Wabash  Valley.  The  loess  tends  to  decrease  in  thick- 
ness towards  the  east,  however,  some  variation  does  exist.  Loess  appears 
to  be  the  thinnest  in  the  very  central  portion  of  the  county  as  shown  by 
measurement  locations  37,  38,  and  39.  Here  54  to  72  inches  of  loess  over- 
lie Illinoian  till. 

Eolian  deposits  are  subdivided  into  six  engineering  soil  units  accord- 
ing to  their  relative  depth  and  underlying  materials.  The  subdivisions 
are:  loess  plain,  loess  over  slackwater  plain,  loess  over  sandstone-shale 
bedrock,  sand  dunes,  sand  with  incipient  dune  development,  and  sand  dunes 
over  sandstone-shale  bedrock. 

Loess  Plain 

The  largest  portion  of  Knox  County  is  mapped  as  loess  plain.  In  this 
region  loess  is  found  mantling  Illinoian  drift,  which  rests  on  interbedded 
sandstones  and  shales,  to  an  average  depth  of  120  inches.  Most  of  the 
Illinoian  deposits  are  from  20  to  25  feet  in  thickness,  but  are  very  thin 
in  many  places  (25).   The  landform  is  rolling  and  highly  dissected.   This 
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FIGURE  17.    LOESS  THICKNESS  MAP  OF  KNOX  COUNTY  (20). 
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suggests  the  presence  of  the  underlying  rock,  however,  the  distance  between 
gullies  is  somewhat  greater  than  what  would  be  expected  in  an  area  where 
loess  mantles  sandstone  and  shale  alone.  Also,  Fehrenbacher's  data  (Appen- 
dix F)  shows  only  a  few  instances  where  bedrock  residuum  was  found  directly 
underlying  loess  in  this  region. 

Deep  gullies  in  this  region  usually  exhibit  heavy  tree  growth  and  pro- 
duce a  dendritic  pattern.  The  typical  pinnate  or  feather-like  drainage 
pattern  associated  with  deep  loess  is  developed  only  occasionally.  Gullies 
are  usually  U-shaped  with  generally  low  gradients. 

The  surface  soils,  to  a  depth  of  10  to  30  inches,  consist  mainly  of 
silt  loam  (A-4,  A-6).  This  soil  is  of  low  placticity  (PI  5-15).  The  sub- 
soil, to  a  depth  of  24  to  70  inches,  is  more  plastic  (PI  15-30)  and  is  usu- 
ally silt  loam  or  silty  clay  loam  (A-6  to  A-7).  The  underlying  material  is 
silt  loam  (A-4,  A-6),  which  grades  into  clayey  Illinoian  till. 

The  agricultural  soils  formed  on  these  upland  loess  deposits  are  the 
Alford,  Hosmer,  Iva,  and  Sylvan  series.  The  physical,  chemical,  and 
engineering  index  properties  of  these  soils  are  given  in  Appendix  B. 

Boring  numbers  12,  80,  88,  89,  and  113  to  115  (Appendix  A)  are  located 
in  the  loess  plain  region. 

Loess  over  Slackwater  Plain 

The  areas  of  loess  over  slackwater  plain  are  located  in  the  north- 
central  part  of  the  county.  These  poorly  drained  areas  are  a  transition 
zone  between  the  slackwater  plains  and  the  adjacent  loess  covered  uplands. 
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The  surface  is  nearly  level  to  slightly  undulating.  Surface  drainage  is 
not  well  developed,  and  in  places  ditches  are  used  to  facilitate  the  drain- 
ing of  surface  water.  The  boundary  between  this  area  and  the  adjacent 
upland  is  marked  by  an  abrupt  change  of  elevation  and  a  change  in  the 
topography  of  the  surface.  The  loess  cover  in  these  areas  is  typically 
about  6  to  7  feet,  with  the  soil  profile  developed  predominantly  in  the 
loess. 

The  surface  soils,  to  a  depth  of  12  to  24  inches,   consist  mainly  of 

silt   loam  (A-4,   A-6)   or  silty  clay  loam  (A-6,  A-7).   The  subsoil,  to  a 

depth  of  24  to  60  inches,  contains  more  clay  and   is   classified  as   silty 

clay  loam  (A-6,   A-7),   silty  clay  (A-7),  or  clay  (A-7).   The  underlying 

material  is  a  silt  loam  (A-4,  A-6)  or  silty  clay  loam   (A-6,   A-7),  with 

stratified  silt  loam  and/or  silty  clay  loam  and/or  clay  occurring  further 
down. 

The  agricultural  soils  formed  in  areas  of  loess  over  slackwater  plain 
are  the  Reesville  and  Ragsdale  series. 

Loess  over  Sandstone-Shale  Bedrock 

The  areas  classified  as  loess  over  sandstone  and  shale  bedrock  are 
confined  to  isolated  hills  within  the  Wabash  Valley.  These  hills  of  cir- 
cumnavigation generally  contain  no  glacial  evidence  between  their  loess 
mantle  and  the  underlying  rock.  The  only  exception  to  this  appears  to  be 
the  Dicksburg  Hills,  which  contains  some  Illinoian  drift  (9).  The  topogra- 
phy of  these  hills  is  typically  rugged  and  highly  dissected.  The  thickness 
of  the  loess  ranges  from  about  48  to  over  200   inches.    Sand  dunes   often 
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occur  in  association  with  the  loess.   They  generally  form  at  a  lower  eleva- 
tion on  the  hills  and  often  encroach  upon  the  loess. 

The  soil  profile  is  developed  mainly  from  the  loess,  however,  in  some 
locations  it  forms  in  weathered  sandstone  and  shale.  The  surface  of  these 
well  drained  soils,  to  a  depth  of  12  to  48  inches,  is  silt  loam  (A-4,  A-6). 
The  subsoil,  to  a  depth  of  36  to  72  inches,  is  mainly  silt  loam  or  silty 
clay  loam  (A-6,  A-7).  The  underlying  material  is  a  silt  loam  (A-4,  A-6) 
with  sandstone  fragments  near  the  bedrock  contact.  The  bedrock  underlying 
these  hills  is  generally  massive  sandstone  with  some  interbedded  shale. 

The  agricultural  soils  that  characterize  the  loess  over  sandstone- 
shale  areas  include  the  Alford,  Iva,  and  Sylvan  series. 

Sand  Dunes 

A  wide  band  of  sand  dunes  exists  on  the  bluffs  adjacent  to  the  Wabash 
Valley,  and  scattered  dunes  also  occur  on  slackwater  and  flood  plains.  The 
upland  dunes  show  variable  relief  ranging  from  about  five  to  50  feet  high. 
These  deposits  generally  overlie  clayey  Illinoian  drift;  however,  in  some 
locations  they  may  mantle  loess  deposits.  The  individual  dunes  formed  on 
the  slackwater  and  flood  plains  are  lower,  usually  less  than  15  feet  high. 

Surface  drainage  systems   are  absent   in  these  hummocky  sand  dune 
regions.   However,   infiltration  basins  are  observed  in  the  inter-dune 
areas.   These  darker  interdunal  basins  create  a  speckled  appearance  on  the 
aerial  photographs.  A  few  short,  steep  gullies  are  sparsely  developed  along 
the  edge  of  the  dunes  where  the  difference  in  elevation  is  great  between  the 
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adjacent  land.   Also,  gully  development  is  prominant  at  the  sand  dune-loess 
contact. 

The  composition  of  the  sand  dune  material  is  predominantly  fine,  uni- 
form, windblown  sand.  However,  small  amounts  of  silt  and  clay  particles 
are  mixed  with  the  sand  near  the  surface.  Lateral  and  vertical  variations 
in  composition  are  also  observed  in  these  areas.  The  surface  soils  are 
usually  fine  sand  (A-3)  or  loamy  fine  sand  (A-2-4).  The  subsoil  consists 
mainly  of  fine  sand  (A-3),  sandy  loam  (A-4),  and  sandy  clay  loam  (A-6). 
The  underlying  material  is  most  often  fine  sands  and  loamy  fine  sands.  In 
some  locations  the  water  table  is  high  and  surface  ponding  is  favorable. 
In  these  areas  the  surface  soils  have  a  higher  organic  content. 

The  agricultural  soils  that  form  in  upland  dune  areas  are  the  Alvin, 
Bloomfield,  and  Ayrshire  series. 

Boring  numbers  2  and  4  are  located  in  this  region. 

Sand  with  Incipient  Dune  Development 

Windblown  sand  with  scattered  dune  development  is  found  on  nearly  half 
of  the  outwash  terraces  in  the  Wabash  and  White  Valleys.  This  landform  is 
particularly  prominant  when  outwash  remnants  are  located  adjacent  to  the 
upland  sand  dune  region.  The  sand  dunes  scattered  on  these  surfaces  are 
well  formed  but  usually  are  low  in  magnitude  (most  are  less  than  10  feet 
high).  The  thickness  of  these  deposits  is  mainly  from  54  to  84  inches. 

Surface  drainage  is  absent  on  these  undulating  sand  covered  terraces, 
however,  some  current  scars  and  infiltration  basins  are  observed. 
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The  soil  profile  is  these  areas  is  formed  in  the  eolian  sand  and  to  a 
smaller  degree  in  the  underlying  outwash  deposits.  The  surface  soil  is  a 
fine  sandy  loam  (A-4,  A-6).  The  subsoil  may  contain  some  clay  and  is  clas- 
sified as  a  fine  sandy  loam  (A-4,  A-6),  fine  sand  (A-3),  or  sandy  clay  loam 
(A-6).  The  subsurface  soil  is  generally  fine  sandy  loam,  which  grades  into 
stratified  fine  sandy  loam  and  gravelly  sand. 

The  agricultural  soils  that  develop  in  these  regions  include  the 
Ayrshire,  Bloomfield,  and  Chelsea  series. 

Boring  numbers  5-11,  18,  and  84  are  located  in  areas  of  sand  with 
incipient  dune  development  over  outwash  terraces. 

Sand  Dunes  over  Sandstone-Shale  Bedrock 

The  areas  classified  as  sand  dunes  over  sandstone-shale  bedrock  are 
confined  to  the  hills  of  circumnavigation.  These  deposits  can  be  quite 
deep.  The  thickness  of  sand  dunes  on  Chimney  Hills  is  as  great  as  50  feet 
in  some  locations  (15).  However,  in  most  locations  36  to  120  inches  of 
sand  mantle  the  underlying  sandstone-shale  bedrock. 

When  these  deposits  are  found  in  association  with  loess,  they  are  gen- 
erally at  a  lower  elevation  and  may  interfinger  with,  or  encroach  upon,  the 
loess.  The  relative  thickness  of  the  sand  and  loess  in  these  areas  can  vary 
greatly. 

Surface  drainage  is  usually  absent,  however,  some  gullies  initiated  in 
the  higher  loess  may  continue  slightly  into  these  deposits.  The  topography 
of  the  hills  is  generally  rugged  indicating  the  presence  of  the  underlying 
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bedrock. 

The  surface  soils  are  mainly  fine  sandy  loam  (A-4,  A-6)  and  fine  sand 
(A-3).  The  subsoil  can  be  silty  in  nature  and  is  classified  as  a  fine  sandy 
loam  or  silt  loam  (A-4,  A-6).  Fine  sand  with  sandstone  and  shale  fragments 
is  usually  found  before  bedrock  is  encountered.  As  mentioned  previously, 
the  bedrock  underlying  these  hills  of  circumnavigation  is  generally  massive 
sandstone  with  some  shale  interbeds. 

The  agricultural  soils  that  form  in  these  areas  are  the  Alvin  and 
Bloomfield  series. 

Engineering  Considerations  in  Eolian  Drift 

Unweathered  loess  is  poorly  cohesive  and  has  a  high  porosity  and  per- 
meability (vertical  >  horizontal),  while  weathered  loess  is  slightly  plas- 
tic and  less  permeable.  Loess  is  usually  classified  using  the  Unified  sys- 
tem as  ML,  ML-CL,  or  CL  material. 

At  natural  moisture  contents  loess  has  a  relatively  high  strength,  as 
well  as  low  compressibility,  because  of  partial  cementation.  However,  upon 
wetting,  the  cementing  softens  and  the  loose  structure  often  collapses, 
particularly  when  the  soil  is  stressed  by  foundation  loads.  The  result  can 
be  excessive  settlement  or  bearing  capacity  failure.  The  potential  for 
settlement  has  been  related  to  natural  dry  density  and  moisture  content  in 
terms  of  the  Proctor  density  and  moisture  in  Figure  18. 

Careful  attention  to  grading  and  drainage  can  do  much  to  prevent  set- 
tlement  or  shear  failure  of  loess  soils.   Stripping  the  natural  vegetation 
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FIGURE  18.    POTENTIAL  FOR  LOESS  SETTLEMENT  (30). 
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leaves  loess  vulnerable  to  rainfall  saturation  and  possible  ground  col- 
lapse. Site  grading  and  drainage  require  planning  to  avoid  the  ponding  of 
water,  and  utilities  must  be  constructed  so  as  to  prevent  leaks  (28). 

Prewetting  these  areas  has  been  employed  in  some  cases,  but  this  could 
result  in  so  soft  a  condition  that  the  site  is  no  longer  usable.  Precom- 
paction  of  the  loess  by  ramming  the  soil  in  narrow  columns  has  also  been 
used.  Additional  stability  can  be  obtained  using  lime,  lime  fly  ash,  or  a 
cement  as  a  stabilizing  agent  (27). 

Embankment  construction  can  be  difficult  in  loess  areas.  When  loess 
is  dry,  compaction  is  virtually  impossible  as  the  silty  soil  tend  to  blow 
away.  Also,  if  placed  in  an  embankment  in  an  excessively  wet  condition, 
loess  can  become  quick,  suddenly  losing  strength  and  flowing.  However,  at 
proper  moisture  contents,  slightly  below  optimum  for  maximum  density  (35), 
loess  makes  suitable  compacted  embankment  fill;  but  it  must  be  protected 
against  piping  erosion  and  possible  cracking  due  to  foundation  settlement, 
especially  for  earth  dam  embankments.  Figure  19  gives  ratings  for  Unified 
classified  materials  according  to  their  resistance  to  piping  and  cracking. 

Loess  can  be  subject  to  large  capillarity.  This  results  in  heaving  of 
foundations  and  pavements  upon  freezing  (frost  heave). 

Loess  naturally  stands  on  a  vertical  slope,  therefore  cut  slopes  are 
usually  more  stable  when  made  vertical.  Cut  slopes  other  than  vertical 
should  be  stabilized  by  vegetation,  and  a  drainage  ditch  should  be  placed 
along  the  top  of  the  slope  to  prevent  wetting  (35). 

Dune  sands  are  generally  noncohesive  and  loose.   The  porosity  and  per- 
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SILT  OR  CLAY  (PLASTIC  OR  NON-PLASTIC) 


Category 


Material 


Characteristics 


Piping  resistance: 

© 
© 


CL  and  CH  with  PI  >  15,  well 
graded  SC  with  PI  >  15. 


CL  and  ML  with  PI  <  15,  well 
graded  SC  and  GC  with 
15  >PI>7. 


SP  and  uniform  SM  and  ML 
with  PI  <  7. 


Greatest  resistance  to  piping,  small  and  medium  con- 
centrated leaks  will  heal  themselves.    Embankment  may 
fail  as  a  result  of  slowly  progressive  piping  caused  by 
leak  of  about  1/2  cfs. 

Intermediate  resistance  to  piping.    Safely  resists  satura- 
tion of  lower  portion  of  downstream  slope  indefinitely. 
May  fail  eventually  as  a  result  of  erosion  caused  by  a 
small  concentrated  leak  or  by  progressive  sloughing.    If 
a  large  leak  develops,  piping  causes  failure  in  a  short 
time. 

Least  resistance  to  piping.    Usually  fails  in  s  few  years 
after  first  reservoir  filling  if  seepage  ia  able  to  break 
out  on  downstream  slope.    Small  concentrated  leak  on 
downstream  slope  can  cauae  failure  in  a  short  period  of 
time.    High  density  from  compaction  increases  resist- 
ance significantly. 


Cracking  resistance: 


© 


© 


© 


CH  with  0,0  <  0.02am  i 
PI  >  20. 


GC,  SC,  SM,  SP  with 
D,0  >  0.15mm. 


CL,  ML  and  SM  with    PI  <  20, 
Ollm)  D„>0.02  am. 


High  postconstructioo  settlement,  particularly  if  com- 
pacted dry.    Has  sufficient  deformability  to  undergo 
large  shear  strains  from  differential  settlement  without 
cracking. 

Small  poatcoosuuetioa  settlement.    Little  chance  for 
cracking  unless  poorly  compacted  sod  large  settlement 
ia  imposed  on  embankment  by  consolidation  of  the 
foundation. 

Medium  to  high  postcoostrnction  settlement  sod  vulnera- 
ble to  cracking.    Should  be  compacted  as  wet  as  possi- 
ble consistent  with  strength  requirements. 


FIGURE  19.    RESISTANCE  OF  EARTH  DAM  EMBANKMENT  MATERIALS 
TO  PIPING  AND  CRACKING  (29). 
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meability  are  moderate  to  high,  and  the  water  table  is  seasonably  high  in 
low  lying  areas.  Dune  sand  is  usually  classified  as  SM,  SP,  or  SP-SM 
material. 

Dune  sand  is  a  good  to  excellent  foundation  and  subgrade  material. 
However,  it  may  be  difficult  to  compact  because  of  its  uniform  gradation. 
It  is  poor  practice  to  place  foundations  on  sand  deposits  where  the  rela- 
tive density  is  not  at  least  60  percent  or  to  a  density  of  about  90  percent 
or  more  of  the  maximum  density  possible  (27).  This  dense  state  reduces  the 
possibility  of  both  load  settlements  and  possible  settlement  damage  due  to 
equipment  or  earthquake  vibrations. 

The  sand  dunes  in  Knox  County  are  permeable  and  yield  some  water. 
However,  the  water  table  fluccuates  so  that  water  supply  is  small  and 
undependable.  The  deposits  serve  as  infiltration  areas  for  underlying 
outwash  aquifers.  Sanitary  landfills  should  be  avoided  in  these  areas  as 
drainage  through  these  materials  is  rapid,  and  effluent  is  likely  to  con- 
taminate groundwater  in  underlying  or  adjacent  aquifers. 

Loess  and  fine  dune  sand  can  be  very  susceptible  to  liquefaction  when 
saturated  and  stresses  dynamically.  This  is  an  important  consideration  as 
Knox  County  has  historically  been  one  of  the  most  active  seismic  areas  in 
the  state  (36).  Figure  20  shows  grain  size  distributions  for  the  most 
liquefiable  soils  and  the  effect  of  this  gradation  on  the  cyclic  strength 
of  the  materials. 

LACUSTRINE  DRIFT 

Lacustrine  drift  is  the  second  largest  parent  material  region  found  in 


49 


o.  GRAIN-SIZE    DISTRIBUTIONS 


10  I  01  0  01  0  001 

Mton   Gram  Silt  -   050  •""" 

b.  EFFECT  OF  GRADATION  ON  CYCLIC  STRENGTH 

(From  Lie  and  Fitton.1968) 


FIGURE  20.    GRAIN-SIZE  AND  STRENGTH  CHARACTERISTICS 
OF  THE  MOST  LIQUEFIABLE  SOILS  (36). 
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Knox  County.  These  lacustrine  and  slackwater  deposits  are  mainly  of 
Wisconsinan  age.  Lacustrine  landforms  are  predominantly  flat  and  exhibit  a 
very  dark  photo  tone.  However,  frequently  low  dunes  and  silt  mounds  are 
superimposed  upon  their  surfaces. 

Lacustrine  Plain 

The  areas  classified  as  lacustrine  plain  are  found  adjacent  to  the 
White  River  in  the  eastern  portion  of  the  county.  These  four  lake  plains 
exhibit  a  flat  topography,  very  dark  photo  tone,  and  no  surface  drainage. 
Although,  man-made  ditch  systems  are  developed  in  some  areas.  These  plains 
are  bordered  by  low,  light  toned  ridges  in  some  locations,  however,  in  most 
areas  these  beach  ridges  are  not  discernible.  Shoreline  features  are  prob- 
ably covered  with  loess  or  recent  alluvial  deposition. 

The  surface  soils  consist  mainly  of  silty  clay  (A-7),  silty  clay  loam 
(A-6,  A-7),  or  silt  loam  (A-4,  A-6).  Silty  clay  and  silty  clay  loam  extend 
beneath  the  surface  soil  to  a  depth  of  60  to  70  inches.  The  underlying 
soils  are  mainly  stratified  silty  clay  and  clay.  However,  these  lacustrine 
deposits  may  be  erratic  at  depth,  with  organic  pockets,  sand  lenses,  and 
gravel  seams  possible.  Also,  they  may  interfinger  with  outwash  and  allu- 
vium at  their  margins. 

The  agricultural  soils  that  form  in  these  areas  are  usually  the  Kings, 
Patton,  and  Zipp  series. 
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Slackwater  Plain 

Most  slackwater  plains  in  Knox  County  are  confined  to  tributary  val- 
leys of  the  Wabash  and  White  Rivers.  These  rivers  carried  large  volumes  of 
meltwater  from  the  waning  Wisconsinan  ice  sheets,  which  eventually  choked 
their  valleys  with  sand  and  gravel,  damming  and  ponding  their  tributary 
streams.  More  recent  slackwater  deposition  has  taken  place  within  the 
Wabash  Valley,  where  deposits  of  lacustrine  drift  have  accumulated  in  flood 
plain  fluves  cut  into  outwash  terrace  surfaces. 

These  plains  are  nearly  level,  and  therefore  the  deposits  are  thin  in 
upstream  branches  and  thicker  downvalley.  Natural  drainage  is  usually 
absent  on  these  poorly  drained  flats,  and  extensive  ditch  systems  are 
developed.  Most  slackwater  plains  in  the  county  are  cleared  of  trees  and 
farmed. 

The  surface  soils,  to  a  depth  of  12  to  24  inches,  usually  consist  of 
silty  clay  (A-7),  silty  clay  loam  (A-6,  A-7),  or  loam  (A-4,  A-6).  Some 
sand  occurs  in  areas  where  small  valleys  enter  the  slackwater  plain.  The 
subsoil  varies  from  silty  clay,  silty  clay  loam,  sandy  clay  loam  (A-6), 
clay  loam  (A-6),  to  loam.  The  underlying  material  is  stratified  silty  clay 
loam,  silty  clay,  and  clay  (A-7)  in  the  tributary  valleys.  The  more  recent 
deposits  are  underlain  by  outwash  deposits  of  gravelly  sand  loam  (A-2)  or 
stratified  sands  and  gravels  (A-l).  Near  the  borders  of  the  tributary 
deposits,  interf ingering  with  outwash  and  alluvial  materials  is  common. 
Also,  organic  deposits  may  be  buried  at  depth. 

Shoreline  features  are  not  developed  along  the  margins  of  these  depo- 
sits.  Absence  of   these  beach  features  may  be  caused  by  a  lack  of  proper 
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materials  or  by  a  failure  of  the  slackwater  lakes  to  maintain  their  posi- 
tions long  enough  for  the  formation  of  shoreline  ridges. 

The  agricultural  soils  that  form  in  these  areas  are  the  Kings,  Mark- 
land,  McGary,  Patton,  Selma,  and  Zipp  series. 

Boring  numbers  22-46,  85-87,  104-106,  and  108  are  located  in  the 
slackwater  plain  region.  These  borings  are  mainly  along  US  41  in  recent 
slackwater  deposits  overlying  outwash  material. 

Slackwater  Terraces 

Slackwater  terraces  in  Knox  County  are  found  mainly  along  the  valleys 
of  Maria  and  Indian  Creek.  These  tributaries  of  the  Wabash  and  White 
Rivers  respectively,  have  regained  their  valleys  by  eroding  the  lacustrine 
drift  that  once  filled  them.  The  erosion  has  left  slackwater  surfaces  10 
to  15  feet  above  the  present  flood  plains.  These  landforms  exhibit  much  of 
the  same  characteristics  of  the  slackwater  plains. 

These  poorly  drained  flats  are  very  level  and  exhibit  a  dark  photo 
tone.  Drainage  is  usually  absent;  however,  some  shallow  gullies  may  be 
present. 

The  surface  soils,  to  a  depth  of  12  to  24  inches,  consist  mainly  of 
clay  loam  (A-6),  silt  loam  (A-4,  A-6),  silty  clay  loam  (A-6,  A-7),  or  silty 
clay  (A-7).  The  subsoil,  to  a  depth  of  54  to  84  inches,  can  contain  some 
sand  as  alluvial  materials  often  mix  somewhat  with  these  deposits.  These 
soils  are  usually  silt  loam,  silty  clay  loam,  silty  clay,  or  sandy  loam 
(A-6).   The  underlying  material  is  usually  stratified  silty  clay  loam,  silt 
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loam,  and  clay. 

The  agricultural  soils  that  form  in  these  areas  are  the  Kings,  Mark- 
land,  McGary,  and  Patton  series. 

Oxbow 

These  deposits  of  lacustrine  drift  are  confined  to  abandoned  river 
meanders  of  the  Wabash  and  White  Rivers.  These  deposits  exhibit  a  very 
dark  photo  tone  and  are  usually  "half -moon"  or  "snake"  shaped.  Oxbows  are 
very  poorly  drained  and  show  no  surface  drainage  features. 

The  surface  soil  is  generally  clay  loam  (A-6),  silty  clay  loam  (A-6, 
A-7),  or  silty  clay  (A-7).  These  soils  usually  have  a  high  organic  con- 
tent. The  subsoil  is  either  clay  loam,  silt  loam  (A-4,  A-6),  silty  clay 
loam,  or  peat  (A-8).  The  fibrous  peat  can  be  up  to  four  feet  thick  in 
places.  The  underlying  material  is  usually  clay  (A-7),  sandy  clay  (A-6), 
or  silty  clay. 

The  agricultural  soils  that  form  in  these  areas  are  the  Kings,  Wall- 
kill,  and  Zipp  series. 

Engineering  Considerations  in  Lacustrine  Drift 

The  lacustrine  deposits  in  Knox  County  are  principally  classified  as 
ML,  CL,  MH,  or  CH  material,  otherwise  described  as  lean  to  fat  clay  and 
silt.  These  deposits  are  moderately  to  highly  plastic,  with  plasticity 
indices  ranging  from  20  to  41  and  liquid  limits  varying  from  35  to  60  (2). 
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These  materials  are  very  porous,  but  relatively  impermeable.  The 
water  table  is  high  as  the  result  of  strong  capillarity.  Also,  the  surface 
is  subject  to  flooding;  however,  many  of  these  areas  are  protected  by  man- 
made  levees. 

The  drainage  of  these  soils  is  naturally  very  poor,  and  in  a  wet  con- 
dition the  plastic  nature  of  the  material  makes  it  unsatisfactory  for  pave- 
ment subgrades  because  the  high  potential  for  shrink-swell.  Also,  the 
capillarity  in  these  fine-grain  deposits  make  them  subject  to  heave  upon 
freezing.  Roads  constructed  in  these  areas  should  use  a  suitable  compacted 
fill  that  will  insulate  the  pavement  from  the  lake  deposits  (19). 

Compaction  is  difficult  in  these  materials.  Close  control  of  the 
moisture  content  must  be  maintained.  The  compacted  fill  is  susceptible  to 
pumping,  frost  heave,  and  sideslope  problems.  The  compacted  soil  has  a  low 
permeability?  however,  it  is  not  recommended  for  use  in  dikes,  embankments, 
or  drainage  canals,  because  of  its  low  erosion  resistance.  The  material 
also  should  not  be  used  for  water  retention  structures  where  seepage  is 
critical. 

Cut  slopes  in  these  lacustrine  deposits  should  be  made  with  special 
attention  as  natural  slopes  in  these  material  are  not  reliable  guides  to 
permissible  cut  slope  designs.  Very  poor  drainage,  together  with  a  typi- 
cally high  water  table  and  high  water  content  (Figure  21),  makes  it  impos- 
sible for  the  zone  of  saturation  to  adjust  quickly  to  the  new  cut  surface, 
so  that  slumping  in  deep  cuts  is  nearly  inevitable.  If  the  hazard  is 
recognized  in  advance,  remedial  measures  can  be  taken.  The  simplest  is  to 
plan   for  a  lower  slope  angle,  which  not  only  reduces  forces  at  the  toe  of 
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FIGURE  21.  A,  Cross  section  showing  natural  slope  on  lake  silt  and  clay, 
and  B,  Same  cross  section  showing  new  cut  that  exposes  saturated, 
unstable  material.  In  A,  top  of  zone  of  saturation  has  become 
adjusted  to  this  slope  over  a  long  period  of  time.  Most  rainfall  runs 
off  and  top  of  zone  of  saturation  fluctuates  little.  In  B,  internal 
drainage  of  lake  silt  and  clay  is  so  slow  that  slumping  is  likely  before 
top  of  zone  of  saturation  can  achieve  equilibrium  with  new  ground 
surface  (19). 
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the  slope,  but  also  opens  more  area  to  capillary  drying.  Developing  cuts 
in  stages  over  a  period  of  several  months,  to  allow  time  for  the  water 
table  to  adjust,  may  also  be  used  to  minimize  slumping  of  cut  slopes  in 
these  regions  (19). 

Lacustrine  deposits  in  Knox  County  are  normally  consolidated;  this 
means  that  the  deposits  have  not  been  "preconsolidated"  or  stressed  by 
loads  greater  than  those  exerted  by  the  weight  of  the  material  itself. 
Placing  a  load  of  any  kind,  such  as  a  building,  dam,  or  highway  fill,  on 
these  materials  could  result  in  consolidation  of  the  deposit,  accompanied 
by  settlement  of  the  structure.  The  amount  of  settlement  is  a  function  of 
added  load,  thickness  of  underlying  lacustrine  drift,  water  content,  and 
clay  content  of  the  deposits,  and  time.  Large  differential  settlement  can 
be  expected  where  loads  are  very  unevenly  distributed  or  where  structures 
are  founded  partly  on  stable  bedrock  and  partly  on  thick  lacustrine 
material  (19). 

One  solution  to  the  settlement  problem  in  these  lacustrine  soils  is 
the  use  of  a  partially  compensated  foundation,  where  the  soil  is  excavated 
to  a  depth  such  that  the  effective  weight  of  the  removed  soil  is  nearly 
equal  to  the  weight  of  the  structure.  Partial  compensation  is  easily 
accomplished  by  the  construction  of  a  basement;  however,  the  high  water 
table  in  these  areas  may  make  this  difficult.  An  appropriate  design 
approach  for  large,  heavy  structures  may  be  to  distribute  the  load  widely 
with  a  slab  or  mat  foundation.  This  method  reduces  contact  pressures, 
therefore  reducing  settlements. 

Water  supply  is  a  problem  in  many  of  these   regions.    Although   these 
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deposits  contain  a  great  amount  of  water,  they  are  of  such  low  permeability 
that  water  in  them  cannot  be  removed  by  pumping.  Scattered  lenses  of 
saturated  sand  and  gravel  in  and  at  the  base  of  these  deposits  tend  to  be 
"quick"  as  a  result  of  their  high  silt  and  clay  content.  These  materials 
clog  well  screens  and  pumps,  and  at  best  the  yield  from  these  lenses  is  low 
(19). 

The  high  water  table,  flood  hazard,  and  nearly  impermeable  nature  of 
these  materials  makes  the  use  of  septic  tanks  and  associated  tile  fields 
impracticable.  Where  lacustrine  drift  is  thick  and  protected  from  flood- 
ing, sanitary  landfills  may  be  feasible.  Because  water  moves  extremely 
slow  through  these  deposits,  contamination  of  nearby  water  bodies  is 
unlikely,  and  the  high  water  table  is  a  problem  mainly  in  its  effect  on 
access  and  excavation  (31). 

Oxbow  deposits  are  unsuitable  for  most  engineering  considerations  and 
should  be  avoided.  They  are  subject  to  frequent  flooding,  possess  a  high 
water  table,  and  are  extremely  compressible. 

FLUVIAL  DRIFT 

The  areas  of  fluvial  drift  parent  material  in  Knox  County  include 
flood  plains  and  river  terraces.  The  flood  plains  of  the  Wabash  and  White 
Rivers  differ  in  composition  and  morphology  from  those  of  their  tribu- 
taries, and  therefore  are  separated  for  discussion. 

Wabash  and  White  River  Flood  Plains 

The  wide  flood  plains  of  the  Wabash  and  White  Rivers  are  characterized 
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by  nearly  level  topography  and  variable  photo  tones.  The  depth  of  these 
deposits  is  quite  variable  and  they  generally  overly  glacial  outwash  or 
bedrock.  The  channels  themselves  are  usually  incised  in  outwash;  however , 
bedrock  is  exposed  at  some  places  in  the  floor  of  these  channels  (17). 
Also,  anastomatic  drainage  patterns  are  found  in  both  valleys. 

The  surface  soils  of  these  flood  plains  consists  mainly  of  silt  loam 
(A-4,  A-6),  silty  clay  loam  (A-6,  A-7),  or  sandy  loam  (A-4,  A-6,  A-2).  The 
underlying  soil  is  silt  loam,  silty  clay  loam,  sandy  loam,  or  loam  (A-4, 
A-6).  However,  extreme  variation  may  occur  with  distance  and  depth.  In 
general,  coarse  material  is  not  plentiful,  but,  at  depth,  sand  and  gravel 
lenses  may  be  present.  Also,  some  surface  soils  are  highly  organic,  and 
organic  pockets  may  be  found  at  depth. 

The  agricultural  soils  that  form  in  these  areas  are  the  Haymond , 
Nolin,  and  Petrolia  series. 

Minor  landforms  present  in  these  flood  plains  include  natural  levees 
and  abandoned  river  courses  in  the  form  of  meander  scrolls,  oxbows,  and 
oxbow  lakes.  Natural  levees  are  curvilinear  ridges  and  swales,  a  few  feet 
in  magnitude,  composed  of  overwash  sand  and  gravel.  Sand  dunes  are  also 
scattered  throughout  the  Wabash  Flood  Plain,  and  point  bars  and  sand  bars 
are  found  in  and  along  the  present  channels  of  both  the  Wabash  and  White 
Rivers. 

Boring  numbers  1,  92-103,  and  109-112  are  located  in  this  region. 
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Tributary  Flood  Plains 

The  tributaries  of  the  Wabash  and  White  Rivers  are  generally  underfit 
for  their  flood  plains,  and  have  low  gradients  except  in  their  upvalley 
branches.  These  flood  plains  are  absent  of  mature  flood  plain  features 
such  as  abandoned  river  courses,  natural  levees,  and  point  bars.  The 
poorly  drained  character  of  most  of  the  tributary  flood  plains  gives  them  a 
relatively  dark  photo  tone. 

The  soils  that  compose  these  flood  plains  are  mainly  silt  loam  (A-4, 
A-6),  with  most  of  this  material  having  been  washed  in  from  the  surrounding 
loess  covered  uplands,  and  loam  (A-4,  A-6).  The  underlying  soil  may  con- 
tain more  sand  and  is  classified  as  silt  loam,  loam,  sandy  loam  (A-4,  A-6, 
A-2),  or  fine  sand  (A-3).  Variations  may  occur  both  vertically  and 
laterally  in  these  deposits.  Granular  lenses  and  organic  pockets  should  be 
anticipated.  Also,  these  materials  may  interfinger  with  adjacent  slackwa- 
ter  deposits. 

These  alluvial  soils  are  underlain  by  a  variety  of  materials.  In 
their  upper  courses,  they  generally  are  found  mantling  loess;  however, 
downvalley  they  are  usually  found  over  Illinoian  drift  and  sandstone-shale 
bedrock.  Tributary  flood  plain  deposits  may  also  cover  outwash.  This 
occurs  primarily  along  Maria  Creek,  as  well  as  the  outlet  areas  of  many 
other  tributary  valleys. 

The  agricultural  soils  that  form  in  the  tributary  flood  plains  are 
primarily  the  Birds,  Hickory,  Sylvan,  and  Wakeland  series. 

Boring  numbers  3,  19,  20,  90,  and  91  are  located  in  this  region. 
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River  Terrace 

River  terraces  in  Knox  County  are  located  along  the  Wabash  River, 
White  River,  and  Maria  Creek.  The  terrace  surfaces  are  gently  undulating 
to  nearly  level,  and  rarely  exceed  a  few  feet  in  relief.  The  river  ter- 
races in  Knox  County  are  former  flood  plains  and  often  exhibit  curvilinear 
boundaries.  Surface  drainage  is  absent;  however,  current  scars  are  present 
in  some  areas. 

The  surface  soils  consist  mainly  of  loam  (A-4,  A-6)  or  silt  loam  (A-4, 
A-6)  to  a  depth  of  8  to  18  inches.  The  subsoil,  to  a  depth  of  48  to  72 
inches,  is  generally  composed  of  loam,  clay  loam  (A-6),  sandy  clay  loam 
(A-6),  silt  loam,  silty  clay  loam  (A-6,  A-7),  sandy  loam  (A-4,  A-6),  or 
fine  sand  (A-3).  The  underlying  material  is  usually  stratified  loam  and 
sandy  loam  to  stratified  sandy  loam  and  clay  loam.  However,  the  texture  of 
these  deposits  varies  greatly  from  one  location  to  another.  Overwash  sand 
and  gravel  and  slackwater  material  is  found  on  some  surfaces.  Also,  lenses 
and  pockets  of  granular  materials,  silts  and  clays,  and  organics  can  occur 
at  depth. 

The  agricultural  soils  that  form  in  river  terrace  areas  consist  mainly 
of  the  Armiesburg  and  Proctor  series. 

Engineering  Considerations  in  Fluvial  Drift 

The  fluvial  deposits  in  Knox  Countv,  both  the  flood  plains  and  low 
terraces,  are  classified  predominantly  as  CL,  CL-ML,  ML,  SC,  or  SM-SC 
materials.   These  deposits  are  slightly  to  moderately  plastic,  with  plasti- 
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city  indices  ranging  from  5  to  25.   Liquid  limits  generally  vary  between  30 
and  45  (2). 

The  groundwater  table  is  seasonably  high  in  these  areas  and  flooding 
is  common;  however,  some  areas  are  protected  by  levees  and  rarely  flood. 
The  hydraulic  properties  of  these  materials  is  generally  poor.  Permeabil- 
ity varies  considerably  from  one  location  to  another.  These  predominantly 
fine  materials  are  also  subject  to  high  capillarity,  high  frost-heaving, 
and  high  liquefaction  susceptibility  (28).  These  conditions  result  in  poor 
subgrade  support  for  pavements.  Therefore,  roads  should  be  constructed  on 
raised,  well-compacted  granular  fill  material  with  adequate  side  ditches 
and  culverts  to  reduce  flood  and  frost  damage  (2).  A  geotextile  might  also 
be  used  to  separate  the  poor  subgrade  and  the  granular  base.  This  would 
eliminate  mixing  of  the  materials,  which  causes  a  reduction  in  the  strength 
of  the  granular  fill,  and  would  reduce  the  amount  of  aggregate  needed  (39). 

Foundation  and  excavation  problems  are  associated  with  the  generally 
saturated  and  non-uniform  strength  of  these  deposits.  The  soils  have  a 
moderate  to  high  bearing  capacity.  However,  differential  settlements  can 
occur  when  subsurface  variations  such  as  compressible  organic  pockets  or 
loose  sand  lenses  are  present  in  the  subsoil.  The  locations  of  such  varia- 
tions require  a  detailed  site  investigation.  Scour  of  these  soils  should 
also  be  anticipated  in  any  bridge  foundation  design.  Excavations  in  these 
materials  may  be  difficult  to  maintain  during  high  water  periods,  and  are 
often  subject  to  sidewall  caving  (28). 

Embankment  construction  can  be  difficult  in  these  areas.  Compactibil- 
ity  is  a  problem  and  requires  careful  moisture  control.   These  fine  fluvial 
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sediments  are  also  subject  to  piping  and  postconstruction  settlements   and 
associated  cracking  (see  Figure  19). 

Septic  tanks  and  sanitary  landfills  are  impracticable  in  these  regions 
because  of  potential  flooding  and  rapid  effluent  flow  (2). 


GLACIAL-FLUVIAL  DRIFT 

Glacial-fluvial  drift  takes  the  form  of  outwash  terraces  in  Knox 
County.  These  materials  were  deposited  by  large  volumes  of  melt  water  from 
Wisconsinan  age  glaciers,  and  were  reworked  by  overflow  waters  of  Glacial 
Lake  Maumee  and  more  recent  erosion.  In  Knox  County,  these  materials  are 
predominantly  medium  and  fine  sand  with  a  lessor  amount  of  gravel. 

Outwash  Terrace 

Outwash  terraces  in  Knox  County  are  located  primarily  along  the  Wabash 
and  White  Rivers.  These  landforms  are  often  dissected  by  recent  slackwater 
fluves.  Smaller,  more  isolated,  terraces  are  found  along  Maria  and  Indian 
Creek. 

The  terrace  surfaces  generally  have  a  level  to  gently  undulating 
topography  and  exhibit  an  overall  uniform  light  gray  photo  tone  with  dark 
specks.  The  specks  are  infiltration  basins,  which  are  common  features  in 
coarse-textured  deposits  with  internal  drainage.  Though  surface  drainage 
is  usually  absent,  old  current  markings  are  visible  on  numerous  surfaces. 
The   terraces   are   often  modified   by   low  dunes  and  gravel  pits.   Also, 
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because  the  outwash  deposits  are  very  sandy,  they  are  subject  to  wind  ero- 
sion which  causes  blowouts  in  some  areas. 

The  texture  of  outwash  deposits  in  Knox  County  varies  greatly  from 
place  to  place.  The  surface  soils  generally  consist  of  loam  (A-4,  A-6)  or 
sandy  loam  (A-4,  A-6)  and  are  highly  organic  in  some  locations.  The  upper 
portion  of  the  subsoil  is  sandy  clay  loam  (A-6),  clay  loam  (A-6),  gravelly 
sandy  clay  loam  (A-4),  gravelly  sandy  loam  (A-2),  or  sandy  loam.  The  lower 
part  of  the  subsoil  to  a  depth  of  about  65  inches,  is  sandy  clay  loam, 
stratified  sandy  loam,  sandy  clay  (A-4),  gravelly  loamy  sand,  or  sand  (A- 
3).  The  underlying  material  is  usually  stratified  sand  and  gravel  (A-l), 
sand,  loamy  sand,  or  stratified  loamy  sand.  Sandstone-shale  bedrock  is 
found  in  some  areas  as  close  as  five  feet  from  the  surface. 

The  agricultural  soils  that  form  in  these  areas  are  the  Chetwynd, 
Conotton,  Elston,  Selma,  and  Stockland  series. 

Boring  numbers  47-79,  81-83,  and  107  are  located  in  outwash  terraces. 

Engineering  Considerations  in  Glacial-Fluvial  Drift 

Outwash  materials  are  usually  nonplastic;  however,  surface  soils  may 
be  slightly  plastic  (PI  4-12).  The  porosity  and  permeability  are  generally 
high.  These  deposits  are  quite  variable  and  classified  as  GP  to  SM 
material. 

The  water  table  is  high  in  low  lying  areas  and  such  areas  are  subject 
to  flooding.  In  these  locations  excavations  and  cut  slopes  need  to  be 
properly  drained  to  prevent  collapse. 
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Outwash  surfaces  are  essentially  nonsusceptible  to  frost  heave, 
liquefaction,  or  piping.  However,  the  potential  increases  where  surface 
material  fineness  increases. 

Bearing  capacity  is  good  to  excellent  and  settlements  are  generally 
immediate  and  low  in  magnitude.  However,  susceptibility  to  densif ication 
by  vibration  can  be  high. 

Outwash  deposits  are  an  important  source  of  sand  and  gravel  in  Knox 
County.   They  are  also  important  aquifers,  as  discussed  previously. 

The  high  permeability  of  these  deposits  makes  septic  tanks  and  sani- 
tary landfills  impracticable  as  drainage  is  rapid  and  leachate  is  likely  to 
contaminate  groundwater. 

CUMULOSE  DRIFT 

Cumulose  drift  occupies  a  few  scattered  areas  in  Knox  County.  For 
discussion  purposes  these  organic  deposits  are  divided  into  two  categories: 
muck  and  marl  deposits,  and  swamp  deposits. 

Muck  and  Marl  Deposits 

The  areas  classified  as  muck  and  marl  deposits  are  located  in  flood 
fluve  depressions  on  outwash  terraces  just  south  of  Vincennes.  These  depo- 
sits exhibit  flat  topography,  a  very  dark  photo  tone,  and  no  surface 
drainage. 

In  a  typical  profile  the  surface  layer,  to  a  depth  of  about  13  inches, 
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is  black  muck  (A-8)  containing  approximately  10  percent  fibers.  The  sub- 
soil, to  a  depth  of  28  to  50  inches,  is  friable  marl  (A-8)  that  is  5  to  10 
percent  gravel.  The  underlying  material  is  generally  gravelly  sand  (A-3, 
A-l). 

The  agricultural  soil  that  forms  in  these  areas  is  the  Edwards  Variant 
series. 


Swamp  Deposits 

The  largest  area  of  cumulose  drift  is  Cypress  Swamp,  located  in  the 
extreme  southwestern  part  of  Knox  County.  Cypress  Swamp  exhibits  a  flat 
topography,  a  very  dark  photo  tone,  and  heavy  tree  growth. 

The  surface  soils  consist  of  a  black  silty  muck  (A-8)  to  a  depth  of  30 

inches.   The   substratum,   to  a  depth  of  about  60  inches,  is  brown  fibrous 

peat  (A-8)  containing  partly  decomposed  leaves   and   small  tree  branches. 

The  underlying  material   includes  clay  (A-7),  silty  clay  (A-7),  clay  loam 

(A-6),  silty  clay  loam  (A-6,  A-7),  and  gravelly  sand  (A-3,  A-l). 

The  agricultural  soils  that  form  in  these  areas  are  the  Edwards  Vari- 
ant and  Wallkill  series. 


Engineering  Considerations  in  Cumulose  Drift 

Cumulose  drift  is  characterized  by  very  high  organic  contents,  low 
densities,  very  high  natural  water  contents,  a  loss  in  mass  on  ignition, 
and  substantial  shrinkage  upon  drying.   Peat   and  muck  in   their  natural 
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state  generally  have  a  very  high  permeability;  however,  as  the  material  is 
compressed,  the  permeability  is  greatly  reduced  (37). 

Two  characteristics  associated  with  peats  and  mucks  make  them  undesir- 
able as  foundation  materials  for  buildings  and  embankments.  First,  these 
materials  compress  excessively  when  subjected  to  an  applied  load.  A  large 
portion  of  this  compression  is  a  result  of  relatively  high  amounts  of 
secondary  compression.  These  deformations  occur  over  a  long  period  of 
time,  which  compounds  the  problem.  Also,  these  deposits  possess  low 
preconsolidation  pressures,  therefore  a  large  compression  response  is 
likely  even  at  low  stress  levels.  Secondly,  peats  and  mucks  are  character- 
ized by  very  low  shear  strengths  and  consequently  very  low  bearing  capaci- 
ties (37). 

These  materials  should  be  avoided  in  construction;  however,  if  this  is 
not  possible,  shallow  deposits  should  be  removed  and  repaced  by  a  more 
desirable  material.  If  the  deposits  of  peat  and  muck  must  be  used  as  a 
foundation  material,  the  mechanical  properties  can  be  greatly  improved  by 
preloading  the  material  with  a  surcharge.  Preloading  would  improve  the 
engineering  properties  in  two  ways.  First,  the  expected  settlements  would 
be  accelerated  such  that  when  the  surcharge  is  removed  the  settlements 
under  the  design  load  would  be  drastically  reduced;  and  secondly,  consoli- 
dating the  peat  and  muck  would  greatly  increase  their  shear  strength  (37). 

These  cumulose  deposits  are  usually  highly  acidic,  and  therefore  are 
very  corrosive  to  steel  and  concrete. 
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MINED  LAND 

Knox  County  contains  many  areas  which  have  been  modified  by  mining 
activities.  Coal-strip  mines  are  found  throughout  the  northeast  part  of 
the  county,  and  numerous  gravel  pits  are  located  in  the  Wabash  Valley. 

Coal-Strip  Mines 

Coal-strip  mines  are  a  prominant  landform  in  the  northeast  part  of 
Knox  County.  The  largest  portion  of  these  areas  consist  of  narrow, 
elongated  mounds  of  spoil.  This  spoil  material  is  a  mixture  of  shale  soil, 
glacial  till,  and  sandstone  fragments.  Also  included  in  the  mapping  unit 
are  uneven  piles  of  carbonaceous  shale,  low  grade  coal,  and  waste  rock.  In 
some  areas,  the  mine  spoil  was  shaped  and  smoothed  after  mining.  However, 
usually  only  the  peaks  were  smoothed,  leaving  elongated  pits  that  mostly 
contain  water.  The  sides  of  many  pits  are  steep,  and  large  sandstone  frag- 
ments are  exposed  at  the  surface.  The  sites  also  contain  abandoned  mine 
haul  roads  that  consist  mainly  of  extremely  acidic  carbonaceous  shale  and 
other  mining  refuse  (2). 

Surface  runoff  in  these  regions  is  very  rapid  and  gully  development  is 
great. 

In  a  typical  soil  profile  the  surface  soil,  to  a  depth  of  18  inches, 
is  generally  shaley  silt  loam  (A-4,  A-6,  A-2)  containing  30  percent  shale 
and  10  percent  sandstone  fragments.  The  subsoil,  to  a  depth  of  60  inches, 
is  shaley  silty  clay  loam  (A-7,  A-2)  or  gravelly  clay  loam  (A-4,  A-6)  con- 
sisting of  35  percent  shale,  15  percent  sandstone,  and  two  percent  coal  frag- 
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merits.   Bedrock  is  usually  found  at  a  depth  greater  than  five  feet  (2). 

The  agricultural  soil  that  predominantly  forms  in  these  areas  is  the 
Fairpoint  series. 

The  Springfield  coal  is  the  most  widely  mined  coal  seam  in  Knox 
County.  It  is  a  high-volatile  C  bituminous  coal  with  an  average  thickness 
of  five  feet.  The  coal  contains  numerous  thin  bands  of  pyrite  and  mar- 
casite.  Also,  large  pyrite  concretions  are  abundant  in  the  top  one  foot  of 
the  coal  and  overlying  shale  (17).  It  has  a  moderate  amount  of  ash,  but 
has  a  high  sulfur  content;  therefore  80  percent  of  the  mined  coal  is 
mechanically  cleaned  (32). 

Gravel  Pits 

Gravel  pits  in  Knox  County  are  found  on  outwash  terrace  surfaces 
throughout  the  Wabash  Valley,  with  the  majority  located  just  south  of  Vinc- 
ennes.  These  areas  are  generally  rectangular  and  range  from  5  to  60  acres 
(2).   Most  sites  contain  water-filled  pits. 

The  materials  consist  mainly  of  sand  and  gravel  separated  out  during 
gravel  mining  operations.  This  material  is  either  found  in  mounds  or  has 
been  graded. 

A  study  of  gravel  samples  in  a  pit  near  Vincennes  (Robinson  Pit, 
center  of  section  23)  showed  the  composition  of  these  outwash  gravels  to  be 
predominantly  sedimentary  (34).  The  rock  types  found  were  chert  (39%  by 
weight),  dolomite  (14%),  limestone  (9%),  dolomitic  limestone  (5%),  sand- 
stone (6%),  granite  (3%),  rhyolite  (9%),  quartzite  (4%),  and  other   (11%). 
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The  high  chert  (silica)  content  makes  this  aggregate  susceptible  to 
alkali-silica  reaction  when  mixed  with  high-alkali  cement.  This  reaction 
results  in  a  silica  gel  which  swells  upon  wetting,  causing  expansion  cracks 
in  concrete  pavements. 

Engineering  Considerations  in  Mined  Land 

The  materials  in  coal-strip  mine  areas  are  quite  variable  and  in  some 
places  unknown.  This  worked-over  spoil  is  generally  slightly  to  moderately 
plastic  (PI  4-24)  and  has  a  relatively  low  permeability  (2). 

Foundations  and  roads  should  be  designed  to  compensate  for  large  dif- 
ferential settlements,  which  can  be  expected  in  this  variably  compacted  and 
fragmented  material.  The  surface  soils  also  have  a  high  potential  for  pip- 
ing and  shrinking  and  swelling.  The  material  can  also  be  very  corrosive  to 
steel  and  concrete. 

Most  of  these  areas  are  best  suited  for  wildlife  and  recreation  (2). 

Sanitary  landfills  are  possible  in  old  stripped  areas  and  active  pits. 
If  the  predominant  rock-type  underlying  the  site  is  shale  and  no  major 
aquifers  exist  beneath  the  site,  refuse  could  be  placed  in  existing 
trenches  and  final  surfaces  raised  to  enhance  surface  runoff.  Also,  the 
presence  of  a  continuous  layer  of  underclay  could  provide  an  additional 
barrier  to  downward  movement  of  any  leachate.  And  in  many  cases,  effluent 
from  the  spoil  banks  is  already  contaminated  with  iron  and  sulfate  leached 
from  minerals  in  the  soil.  However,  extreme  care  must  be  taken  in  planning 
such  landfills  (31).   Gravel  pits  should  be  avoided   in  planning   sanitary 
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landfills   because  of   their  high  permeability  and  potential  for  polluting 
shallow  water  supplies. 

Surface  mining  and  reclamation  have  affected  surface-water  quality  in 
much  of  southwestern  Indiana,  especially  in  the  coal-mining  areas.  Because 
of  the  oxidation  and  the  weathering  of  pyrite  and  marcasite  exposed  in  min- 
ing operations,  drainage  in  many  old  mining  areas  has  an  acidic  pH  (<7). 
In  Indiana,  many  of  these  areas  were  mined  before  passage  of  the  Indiana 
Reclamation  Law  of  1968  (Indiana  Code  13-46),  which  mandates  that  spoil 
piles  be  graded  and  cover  vegetation  be  established.  Although  acid  mine 
drainage  has  been  reduced  by  current  mining  operations  as  a  result  of  the 
preferential  burial  of  pyrite,  acidic  drainage  from  old  mining  operations 
continues  to  be  a  water-quality  problem  (5). 

Acid  mine  drainage  is  not  the  only  water  quality  problem.  Concentra- 
tions of  many  dissolved  and  suspended  constituents,  including  iron  and 
aluminum,  are  higher  in  both  old  and  new  mining  areas  than  in  natural 
water.  Also,  erosion  from  unreclaimed  areas  of  old  mines  or  unvegetated 
areas  of  new  mines  can  substantially  increase  sediment  loads  In  surrounding 
streams  (5). 

Underground  mines  and  potential  subsidence  are  also  a  source  of  con- 
cern In  Knox  County.  Figure  22  shows  numerous  underground  coal  mines  in 
the  east-central  portion  of  the  county. 

Subsidence  Is  indicated  by  the  formation  of  sinkholes,  ponds  and 
troughs,  alteration  of  the  flow  of  groundwater,  and  damage  to  man-made 
structures.  However,  the  problem  of  recognizing  certain  types  of  damage 
from  mine   subsidence   is   difficult   because   of  its  similarity  to  damage 
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INDIANA 


FIGURE  22.    MAJOR  UNDERGROUND  COAL  MINES  IN 
SOUTHWESTERN  INDIANA  (33). 
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created  by  other  causes.  In  many  areas,  damage  from  poor  construction, 
freeze-thaw  cycles,  differential  settlement,  and  subsidence  due  to  with- 
drawal of  groundwater  cannot  be  differentiated  from  damage  due  to  mine  sub- 
sidence (33). 

If  large  structures  are  being  planned  and  doubt  exists  concerning  the 
extent  of  undermining,  a  drilling  progam  is  necessary  to  determine  if  a 
mine  is  present.  The  proper  spacing  of  drill  holes  is  critical  for  proper 
evaluation.  Drilling  must  take  into  account  possible  unmined  pillars  of 
coal  (33). 

If  a  prospective  building  site  is  known  to  be  undermined,  backfilling 
the  mined-out  space  or  using  special  foundation  construction  techniques 
should  be  employed  to  minimize  any  damage  arising  from  future  subsidence. 


SUMMARY  OF  ENGINEERING  CONSIDERATIONS  IN  KNOX  COUNTY 

A  summary  of  engineering  considerations  for  each  landform-parent 
material  region  in  Knox  County  is  given  in  Table  7.  This  rating  system  is 
particularly  useful  for  soil  engineers  inexperienced  with  geotechnical 
characteristics  of  the  soils  in  the  county.  This  approach  is  based  upon 
work  by  Sisiliano  and  Lovell  (38)  on  the  use  of  regional  or  physiographic 
subdivisions  in  the  preliminary  stages  of  planning  and  investigation.  Each 
landform  has  been  given  a  general  rating  (L,  M,  H  or  1,  2,  3)  for  a 
specific  highway  or  construction  problem.  Landforms  that  exhibit  consider- 
able variation  in  engineering  properties  have  been  rated  over  a  given 
range.   Small  areas  which  show  extreme  variation  in  texture  and  engineering 
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behavior  were  not  considered  in  the  development  of  Table  7,  which  is   based 
on  the  average  landform-parent  material  behavior. 

In  the  early  stages  of  foundation  or  embankment  design  it  may  be  use- 
ful to  quantitatively  identify  potential  problems  with  bearing  capacity, 
settlement,  or  slope  stability.  Many  correlations  exist  for  determining 
shear  strength  and  compressibility  parameters  used  in  these  analyses. 
Relationships  between  these  parameters  and  classification  test  results  such 
as  Atterburg  limits,  grain  size,  density,  and  penetration  resistance  are 
most  common  in  the  literature.  Figures  23  and  24  give  correlations  for 
shear  strength  parameters.  Figure  23  illustrates  the  angle  of  shearing 
resistance  versus  plasticity  index  for  fine  grain  soils,  and  the  angle  of 
internal  friction  versus  density  for  coarse  grained  soils  (29).  Figure  24 
correlates  standard  penetration  resistance  (SPT  N-value)  to  relative  den- 
sity of  sand  and  unconfined  compressive  strength  of  clay  (29).  Settlement 
parameters  can  also  be  approximated.  Many  correlations  exist  for  the 
compression  index  (i.e.  Cc=0.009[LL-10] ) ,  recompression  index,  and  coeffi- 
cient of  secondary  compression  for  silts,  clays,  and  organic  soils.  Corre- 
lations also  exist  for  the  elastic  modulus  needed  in  immediate  settlement 
calculations.  However,  these  are  usually  based  more  on  regional  experience 
with  a  given  deposit,  and  therefore  are  not  presented  here. 

Finally,  Table  8  (Typical  Properties  of  Compacted  Materials)  is  given 
for  preliminary  design  analyses  of  compacted  embankments  and  earth  dams. 

These  relationships  have  many  limitations  and  are  only  suitable  for 
preliminary  estimates;  however,  they  can  be  very  helpful  in  identifying 
potential  problems. 
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40  60 

PLASTICITY  INDEX 


DRY  UNIT  WEIGHT  (y0) ,  PCF 


FIGURE  23.    CORRELATIONS  FOR  STRENGTH  PARAMETERS  (29). 
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FIGURE  24.    CORRELATIONS  OF  STANDARD  PENETRATION  RESISTANCE  (29). 
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APPENDIX  A 


CLASSIFICATION  TEST  RESULTS  FOR  SELECTED 
ENGINEERING  PROJECTS  IN  KNOX  COUNTY  (41-56) 
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APPENDIX  B.    PHYSICAL  AND  CHEMICAL  PROPERTIES  OF 
AGRICULTURAL  SCHLS4N  KNOX  COUNTY  (2). 


Soil  name  and 
cnap  3ymbol 


Depth 


Moist 

bulk 

density 


G/cm-) 

1.35-1.55 
1  .10-1 .60 
1  .U0-1 .60 
1.50-1.70 

1 .25-1 .10 
1.35-1.50 
1 .30-1  .U5 

1.25-1.10 

1.35-1  .50 
1.30-1.15 

1.15-1.65 
1 .15-1 .65 
1.55-1.75 

1 .30-1 .15 
1.30-1 .15 

1.35-1.50 
1 .10-1 .55 
1 .15-1 .60 
1 .10-1 .60 

1.20-1 .10 
1 .10-1 .60 

1.60-1.80 
1 .60-1 .80 

1.50-1.55 
1.55-1.70 

1 .30-1.50 
1 .10-1 .60 
1.35-1 .60 
1 .10-1 .60 

1 .30-1 .50 
1 .25-1  .60 


0.30-0.55 

1.55-1.70 

1 .30-1  .15 
1 .10-1 .60 
1.15-1 .65 
1 .10-1 .60 

1.35-1.55 
1  .35-1 .60 
1.15-1 .65 
1 .60-1 .75 


Permeability 


In/hr 


Available 

water 
capacity 


Shrink-swell 
potential 


Erosion 
factors 


Wind 
erodi- ! 
bllity! 
group 


Organic 
matter 


AdB— 
Ade 


A1A,  A1B2,  A1C2-- 
Alford 


A1D3 

Alford 


AnB,  AnC,  AnD — 
Alvin 


Armie3burg 


Ay 

Ayrshire 


Bd 

Birds 


)1B,  BID 

Bloomfield 


ChC 

Chelsea 


C1F 

Chetuynd 


CoA 

Conotton 


Du*. 
Dumps 


Edwards  Variant 


EkA 

Elkinsville 


E1A 

Elston 


FaB 

Fairpoint 


In 

0-17 
17-32 
32-65 
65-70 

3-6 

6-72 

72-80 

0-1 

1-61 

61-70 

0-16 
16-51 
51-60 

0-16 

16-60 

0-9 

9-15 

15-55 

55-60 

0-7 
7-60 

0-30 
30-80 

0-10 
10-80 

0-6 

6-15 

15-76 

76-80 

0-15 
15-52 
52-60 


0-20 
20-28 
28-60 

0-15 
15-12 
12-51 
51-60 

0-19 
19-32 
32-13 
13-80 


3-12 
3-12 
3-16 


18-27 

22-30 

8-20 

18-27 

22-30 

8-20 

10-15 
15-18 
3-10 

21-33 
21-33 

5-12 

22-32 

8-20 

1-10 

15-25 
18-27 

3-10 
6-18 

8-15 
5-10 

12-21 
18-25 
18-25 
3-10 

8-16 
6-20 

2-9 


1-5 

15-26 
22-30 
16-30 
20-31 

8-18 
10-23 
1-10 

1-5 


0-18! 18-27! 1.10-1  .55 
18-60! 18-35! 1 .60-1 .80 


2.0-6.0 

0.06-0.2 

6.0-20 

0.6-2.0 
0.6-2.0 
0.6-2.0 
0.6-2.0 

2.0-6.0 

2.0-6.0 

2.0-6.0 

>20 

0.6-2.0 
0.2-0.6 


0.21-0.23 


18-0.20 
16-0.18 
12-0.11 


0.22-0.21 
0.20-0.22 


0.07-0.12 
0.06-0.17 


.10-0.15 
,06-0.08 

.20-0.21 
,13-0.17 
,11-0.17 
,12-0.19 


0.12-0.16 
0.06-0.10 
0.02-0.06 


0.35-0.15 
0.18-0.25 
0.06-0.08 

0.22-0.21 
0.18-0.22 
0.15-0.20 
0.17-0.21 

0.12-0.15 
0.12-0.18 
0.08-0.13 
0.05-0.07 


£H 

5.1-6.5 
5.1-6.0 
5.1-6.0 
6.1-8.1 

3.6-7.3 
3.6-6.0 
1.5-7.3 

3.6-7.3 
3.6-6.0 
1.5-7.3 

5.1-6.5 
1.5-6.0 
5.1-7.8 


1-7.3 
1-7.3 

.6-6.5 
1-6.5 
1-6.5 

.6-8.1 


5.6-7.8 
5.1-7.8 

5.1-6.5 
5.1-6.5 

5.6-7.3 
5.1-5.5 

5.6-7.3 
1.5-5.5 
1.5-6.0 
5.1-6.0 

1.5-6.5 
1.5-7.3 
5.6-7.8 


5.6-7.3 
7.1-8.1 
6.6-8.1 

5.6-7.3 
1.5-6.0 
1.5-5.5 
1.5-6.0 

5.6-6.0 
1.5-6.0 
5.6-6.0 
7.1-8.1 


0.09-0.18!5.6-7.3 
0.03-0.10!5.6-7.3 


Low- 

Low- 
Low- 

Low- 


Low 

Moderate- 
Low 


Low 

Moderate- 
Low 


Low 

Low---- 
Low 


Moderate- 
Moderate- 


Low 

Low------ 

Low- — --- 
Low 


Low — -  — 

Low -- 


Low- 
Low- 


Low- 

Low- 


Low — 

Moderate- 
Low 

Low 


Low- 

Low- 
Low- 


0.17 
0.17 
0.17 
0.17 

0.37 

0.37 
0.37 

0.37 

0.37 
0.37 

0.21 
0.21 
0.21 

0.28 
0.28 

0.21 
0.32 
0.32 
0.20 

0.13 
0.13 

0.15 
0.15 

0.17 
0.17 


Low- 
Low- 
Low- 


Low 

Moderate- 
Moderate- 
Low 


Low- 
Low- 
Lou- 
Low- 


Low 

Moderate- 


0.37 
0.37 
0.37 
0.37 

0.20 
0.20 
0.20 

0.15 

0.37 

0.37 


Pet 

3-5 


.5-2 

1-3 

.5-2 
.5-1 

1-3 


55-75 
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Soil  name  and 
map  symbol 


Depth 


Clay 


Moist 

bulk 

density 


G/omJ 


.10-1.55 
.60-1 .80 


Permeability 


Available 

water 
capacity 


In/in 

0.09-0.18 
0.03-0.10 

0.22-0.21 

0.20-0.22 
0.20-0.22 

0.10-0.12 
0.20-0.22 
0.08-0.13 

0.18-0.23 
0.15-0.19 
0.17-0.22 

0.20-0.22 
0.15-0.19 
0.11-0.19 

0.20-0.21 
0.18-0.22 
0.06-0.08 
0.06-0.08 

0.20-0.21 
0.18-0.22 
0.06-0.08 
0.06-0.08 

0.22-0.21 
0.18-0.22 
0.20-0.22 

0.22-0.21 
0.18-0.20 
0.20-0.22 

0.11-0.11 
0.09-0.12 
0.08-0.12 

0.10-0.18 
0.05-0.15 

0.18-0.22 
0.12-0.19 
0.05-0.11 

0.11-0.18 
0.12-0.19 
0.12-0.19 
0.05-0.08 

0.22-0.21 

0.11-0.13 
0.09-0.11 

0.22-0.21 
0.11-0.13 
0.  11-0.16 


Shrink-swell 
potential 


Erosion 
factors 


Wind 
erodi- 
blllty 
group 


FbG 

Fairpoint 


Ha,  Hb 

Haymond 


He— 

Haymond  Variant 

HeA 

Henshaw 

HkF 

Hickory 


HoA,  HoB2 

Hosmer 


HoC3,  HoD3- 
Hosmer 


IoA— 
Iona 


IvA— 
Iva 


Kn 

Kings 


La 

Landes 

Lo 

Lomax 

Ly 

Lyles 


MbB2 

Markland 


McA 

McGary 


0-2 
2-60 

0-10 
10-11 
11-60 

0-15 
15-11 
11-60 

0-10 
10-19 
19-60 

0-12 
12-19 
19-80 

0-6 

6-28 

28-61 

61-80 

0-6 

6-19 
19-57 
57-60 

0-10 

10-15 
15-60 

0-12 

12-11 
11-60 

0-11 
11-13 
13-60 

0-18 
18-60 

0-32 

32-11 
11-60 

0-17 
17-37 
37-51 
51-60 

0-9 

9-39 

39-60 

0-8 

8-37 

37-60 


18-27 
18-35 

10-18 
10-18 
10-18 

6-12 
12-18 
6-12 

12-27 
18-31 
15-31 

19-25 
27-35 
15-22 

10-17 
18-30 
18-27 
10-18 

10-17 
18-30 
18-27 
10-18 

10-27 
18-35 
10-27 

18-27 
22-30 
10-20 

10-50 
12-55 
25-15 


12-18 
8-18 
3-12 

7-20 
10-27 
5-35 
0-10 

20-27 
10-55 
35-50 

22-27 
35-50 
35-50 


0.6-2.0 
0.2-0.6 

0.6-2.0 

0.6-2.0 
0.6-2.0 

2.0-6.0 
0.6-2.0 
0.6-2.0 

0.6-2.0 
0.2-0.6 
0.2-0.6 

0.6-2.0 

0.6-2.0 
0.6-2.0 

0.6-2.0 
0.6-2.0 

<0.06 
0.2-0.6 

0.6-2.0 
0.6-2.0 

<0.06 
0.2-0.6 

0.6-2.0 
0.2-0.6 
0.6-2.0 

0.6-2.0 

0.06-0.2 
0.6-2.0 

0.2-0.6 

<0.06 
•C0.06 

2.0-6.0 
6.0-20 

2.0-6.0 
2.0-6.0 
2.0-6.0 

0.6-2.0 
0.6-2.0 
0.6-2.0 
2.0-6.0 

0.6-2.0 
0.06-0.2 
0.06-0.2 

0.6-2.0 
<0.2 
<0.2 


5.6-7.3 
5.6-7.3 

5.6-7.3 
5.6-7.3 
6.1-7.3 

6.6-7.3 
6.1-7.3 
6.1-7.3 

5.6-6.5 
5.1-7.3 
6.6-8.1 

1.5-6.0 
1.5-5.5 
5.1-8.1 

1.5-6.0 
1.5-5.5 
1.5-5.0 
1.5-6.0 

1.5-6.0 
1.5-5.5 
1.5-5.0 
1.5-6.0 

5.1-7.3 
5.1-7.3 
7.1-8.1 

5.1-7.3 
5.1-6.5 
5.6-6.5 

6.1-7.3 
6.1-7.3 
6.1-7.8 

6.1-8.1 
6.1-8.1 

5.1-6.5 
5.1-6.5 

5.1-7.3 

6.1-7.8 
6.1-7.8 
6.1-7.8 
6.6-7.8 

5.6-7.3 
5.1-6.5 
7.9-8.1 

6.6-7.3 
5.6-7.8 
7.9-8.1 


Low 

Moderate 

Low — -  — 

Low 

Low 

Low 

Low 

Low—-— 

Low — --- 
Moderate 
Low 

Low — — - 
Moderate 
Low 

Low 

Moderate 

Low 

Low 

Low 

Moderate 
Low--- — 
Low 

Low 

Moderate 
Low 

Low—-— 
Moderate 
Low- — — 

High 

High— 
High- 
Low ■ — 

Low — — - 

Low 

Low 

Low- 

Low 

Low 

Low 

Low- — — 

Low— — - 

High 

High 

Low 

High 

High 


0.37 
0.37 

0.37 
0.37 
0.37 

0.17 
0.37 
0.28 

0.13 
0.13 
0.13 

0.37 

0.37 
0.37 

0.13 
0.13 
0.13 
0.13 

0.13 
0.13 
0.13 
0.13 

0.37 
0.37 
0.37 

0.13 
0.13 
0.13 

0.28 
0.28 
0.28 

0.20 
0.20 

0.28 
0.28 
0.15 

0.20 
0.20 
0.20 
0.15 

0.13 
0.32 
0.32 

0.13 
0.32 
0.32 


Pet 
<.5 

1-3 


1-3 


3-5 


3-6 


1-3 
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Erosion 
factors 


Soil  name  and 
map  symbol 


Depth  1  Clay 


Moist 

bulk 

density 


G/cmJ 


.20-1 .40 
.25-1.50 


.15-1.35 
.25-1.15 
.30-1.50 

.25-1. to 
.35-1.50 
.40-1  .60 
.40-1.55 

,20-1.40 
.40-1 .60 

,10-1 .30 
,20-1.45 
,40-1.70 

,50-1.70 
,50-1.70 
,50-1.70 

,20-1.45 
,30-1.55 
,20-1 .40 

.40-1.60 
,40-1.60 
,60-1 .90 

.35-1.55 
,40-1 .60 
,60-1 .90 

,40-1.60 
,65-1 .85 
.80-2.00 


,20-1 .40 
,30-1.50 
,30-1.50 


1 .30-1  .45 
1 .40-1 .60 
1 .50-1 .70 

1 .30-1 .45 
1 .40-1 .60 
1 .45-1 .65 

1 .30-1 .50 
1 .30-1.50 

1 .15-1 .40 
1.15-1 .45 
0.25-0.45 

1 .30-1  .45 
0.35-0.55 
1 .45-1 .60 


Permeability 


Available 

water 
capacity 


Shrink-swell 
potential 


Wind 

erodi- 

bilityl 

gr°"P 


No 

Nolin 


Pb 

Patton 


Peoga  Variant 


Petrolia 

PsA 

Proctor 

Ra 

Ragsdale 

ReA 

Reesville 

Sa 

Selma 

Sc 

Selma 

SdA 

Stockland 

SyB2,  SyC3,  SyD3 
SyF 

Sylvan 


UdB«. 
Udorthents 

Vn 

Vincennes 

Vo 

Vincennes 

Ua 

Wakeland 

Wb 

Wallkill 

Wc 

Wallkill 


0-10 
10-44 
44-60 

0-17 
17-37 
37-60 

0-10 
10-22 
22-54 
54-60 

0-7 
7-60 

0-15 
15-52 
52-60 

0-18 
18-46 
46-60 

0-13 
13-41 
41-60 

0-15 
15-52 
52-60 

0-15 
15-52 
52-60 

0-17 
17-47 
47-80 


0-7 
7-38 
38-60 


0-10 

10-54 
54-60 

0-9 

9-55 

55-60 

0-7 

7-60 

0-3 

3-17 
17-60 

0-18 

18-42 
42-60 


12-35 
18-35 
10-30 

27-35 
27-35 
22-35 

20-27 
30-38 
40-48 
28-35 

27-35 
20-35 

18-25 
25-35 
15-32 

18-27 
27-35 
20-27 

12-20 
22-35 
12-25 

20-27 
18-30 
7-18 

25-30 
18-30 
7-18 

8-18 
10-22 
2-8 


18-27 
25-35 
18-27 


10-25 
20-33 
15-25 

27-32 
27-35 
27-32 

10-17 
10-17 

10-27 

15-27 


12-25 
40-50 


0.6-2.0 
0.6-2.0 
0.6-6.0 

0.6-2.0 
0.2-2.0 
0.2-2.0 

0.6-2.0 
0.06-0.2 
0.06-0.2 
0.06-0.2 

0.2-0.6 
0.2-0.6 

0.6-2.0 
0.6-2.0 
0.6-6.0 

0.6-2.0 

0.06-0.2 
0.06-0.2 

0.6-2.0 
0.2-2.0 
0.2-2.0 

0.6-2.0 
0.6-2.0 
2.0-6.0 

0.6-2.0 
0.6-2.0 
2.0-6.0 

2.0-6.0 
2.0-6.0 
6.0-20 


0.6-2.0 
0.6-2.0 
0.6-2.0 


0.6-2.0 

0.06-0.2 

0.2-0.6 

0.6-2.0 

0.06-0.2 

0.6-2.0 

0.6-2.0 
0.6-2.0 

0.6-2.0 
0.6-2.0 
2.0-20 

0.6-2.0 

2.0-6.0 

0.06-0.2 


0.22-0.24 
0.15-0.20 
0.07-0.19 

0.22-0.24 
0.18-0.20 
0.20-0.22 

0.17-0.24 
0.17-0.22 
0.15-0.18 

0.20-0.24 
0.15-0.19 
0.07-0.19 

0.17-0.23 
0.15-0.19 
0.07-0.19 

0.13-0.18 
0.12-0.15 
0.02-0.10 


0.22-0.24 
0.18-0.20 
0.20-0.22 


0.20-0.24 
0.15-0.19 

0.12-0.16 

0.17-0.19 
0.14-0.17 
0.12-0.15 

0.22-0.24 
0.20-0.22 


,16-0.21 
,15-0.20 
,35-0.45 


£» 

5.6-3.4 
5.6-8.4 
5.1-8.4 

6.6-7.3 
6.1-7.8 
7.4-8.4 


.1-7.3 
.5-6.0 
.5-6.0 
.6-6.5 

.6-6.0 
.1-7.8 


5.6-7.3 
5.6-6.5 

6.1-7.3 

6.1-7.3 
6.1-7.3 
6.6-8.4 

5.6-7.3 
5.1-8.4 
7.4-8.4 

6.1-7.8 
6.1-8.4 
6.6-8.4 

6.1-7.8 
6.1-8.4 

6.6-8.4 

5.6-7.3 
5.6-7.3 
6.6-8.4 


6.1-7.3 
5.6-7.3 
6.5-8.4 


5.1-7.3 
4.5-5.5 
5.6-7.3 

5.1-7.3 
5.1-6.0 
5.6-7.3 


0.20-0.24 
0.35-0.45 
0.10-0.12 


5-7.3 
.6-7.3 

1-7.8 
1-7.8 
.6-7.3 

,6-7.8 
1-7.3 
1-7.8 


Low- 

L.OW- 

Low- 


Moderate- 
Moderate- 
Moderate- 

Moderate- 
Moderate- 

High 

Moderate- 


Moderate- 
Moderate- 


Low 

Moderate- 
Low 


Low 

Moderate- 
Low 


Low------ 

Moderate- 
Low 


Low 

Moderate- 
Low 


Moderate- 
Moderate- 
Low-- — -- 


Low- 
Low- 
Low- 


Low 

Moderate- 
Moderate- 


Low 

Moderate- 
Low 


Moderate- 
Moderate- 
Moderate- 


Low- 

Lou- 


Low- 
Low- 


0.43 
0.43 
0.43 

0.28 
0.28 
0.28 

0.43 

0.43 
0.43 
0.43 

0.32 
0.32 

0.32 

0.43 
0.43 

0.28 
0.23 
0.28 

0.37 
0.37 
0.37 

0.28 
0.28 
0.28 

0.28 
0.28 
0.28 

0.20 
0.15 
0.15 


0.37 
0.37 
0.37 


0.43 
0.43 
0.43 


0.43 
0.43 
0.43 


0.37 
0.37 


0.32 
0.32 


Low-- 
High- 


0.37 
0.32 
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Soil  name  and 
map  symbol 

Depth! Clay  !   Moist 
!      !   bulk 
!      !  density 

Permeability 

Available! Reaction 

water   ! 
capacity  ! 

Shrink-swell 
potential 

Erosion 
factors 

Wind 
erodi- 
bility 
group 

Organic 
matter 

K 

T 

In   !  Pet  !   G/cmi 

0-5  130-45! 1.40-1.55 
5-36140-55! 1.55-1.70 
36-60135-50! 1.55-1.70 

0-6  ! 36-42! 1.40-1 .60 

6-39140-55! 1 .45-1.70 

39-60! 36-55! 1.50-1 .70 

In/hr 

0.2-2.0 
<0.2 
<0.2 

0.2-2.0 
<0.2 
<0.2 

In/in   !    pJJ 

0.12-0.2116.1-7.3 
0.11-0.1316.1-7.3 
0.08-0.1017.9-8.4 

0.12-0.1416.1-7.3 
0.11-0.1316.1-7.3 
0.08-0.1016.1-7.8 

0.28 
0.28 
0.28 

0.28 
0.28 
0.28 

5 
5 

4 
4 

Pet 
1-3 

1-3 

Zipp 

Zipp 
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APPENDIX  C.    ENGINEERING  INDEX  PROPERTIES  OF 

AGRICULTURAL  SOILS  IN  KNOX  COUNTY  (2). 


Classification 


Soil  name  and 

map  symbol 


Depth 


USDA  texture 


Frag- 
ments 
>  3 
inches 


Percentage  passing 
sieve  number — 


Liquid 
limit 


AdB— 
Ade 


A1A,  A1B2,  A1C2- 
Alford 


A1D3 

Alford 


AnB,  AnC,  AnD- 
Alvin 


Armiesburg 


Ay 

Ayrshire 


Bd 

Birds 


BIB,  BID 

Bloomf ield 


ChC 

Chelsea 


ClF 

Chetwynd 


0-17 
17-32 


32-65 


65-70 


0-6 
6-72 


o-u 

4-64 


0-16 
16-54 


51-60 


0-16 
16-60 


0-9 

9-15 

45-55 

55-60 


0-7 
7-60 


0-30 
30-80 


0-10 
10-80 


0-6 
6-45 


15-76 


Loamy  fine  sand 
Fine  sand 

Stratified  fine 
sand  to  loamy 
fine  sand. 

Fine  3and 

Silt  loam 

Silty  clay  loam, 

silt  loam. 
Silt  loam,  silt 

Silt  loam 

Silty  clay  loam, 

silt  loam. 
Silt  loam,  silt 

Fine  sandy  loam 
Fine  sandy  loam, 

sandy  loam, 

sandy  clay  loam 
Stratified  sandy 

loam  to  fine 

sand . 

Silty  clay  loam 
Silty  clay  loam, 
silt  loam. 

Fine  sandy  loam 

Sandy  clay  loam, 

loam,  clay  loam 

Sandy  loam 

Stratified  silt 
to  loamy  sand. 

Silt  loam 

Silt  loam,  silty 

clay  loam. 
Loamy  fine  sand, 

loamy  sand. 
Fine  sand  ,  sand  , 

sandy  loam, 

loamy  sand. 

Loamy  fine  sand 
Fine  sand  ,  sand  , 
loamy  sand.- 

Loam 

Clay  loam,  sandy 

clay  loam,  loam 
Sandy  loam,  loam 

sandy  clay  loam 

Stratified  sand 
to  sandy  loam. 


SM,  SP-SM 
SP,  SM, 

SP-SM 
SP,  SM, 

SP-SM 

SP,  SM, 
SP-SM 

CL,  CL-ML 
CL 


CL,  CL-ML 
CL 

CL,  CL-ML 

SM,  ML 
SM,  SC, 
CL,  ML 

SM,  SP, 
SP-SM 


CL,  CH 
CL,  CH 


CL,  CL-ML, 
SC,  SM-SC 
SC,  CL 

SC,  SM-SC 


SM,  ML, 
CL-ML, 
SH-SC 

CL 
CL 

SM,  SP, 

SP-SM 

SM,  SP, 

SP-SM 


SM,  SP-SM 
SP,  SM, 

SP-SM 

CL-ML,  CL 
SC,  CL 

SM-SC,  SC, 
CL-ML,  CL 

SH-SM,  SM, 
SP-SM 


A-2-1 
A-3, 

A-2-1 
A-3, 

A-2-1 

A-3, 
A-2-1 

A-1,  A-6 
A-6,  A-7 

A-1,  A-6 

A-1,  A-6 
A-6,  A-7 


A-4,  A-2 

A-2,  A-1, 
A-6 

A-2,  A-3 


A-6,  A-7 
A-6,  A-7 


A-4,  A-6 

A-6 

A-1,  A-6, 
A-2-1, 
A-2-6 

A-2-1, 
A-1 


A-1,  A-6 
A-4,  A-6 

A-2-1, 

A-3,  A-1 
A-2-4, 

A-1,  A-3 


A-2-1 
A-3, 
A-2-1 

A-1,  A-6 
A-1,  A-6 

A-2-4, 
A-2-6, 
A-4,  A-6 

A-2,  A-1, 
A-3,  A-4 


Pet 


0-5 


100 
100 


100 
100 


100 
100 


100 
100 


95-100 


100 
100 


100 
100 
100 


100 
100 


100 
100 


100 
100 


90-100 
90-100 


100 
100 


100 
100 


100 
100 


100 
100 


100 
100 


100 
100 
100 


95-100 
95-100 


100 
100 


100 
100 


85-100 
85-100 


65-95 


65-95 


65-80 
65-80 


65-80 


65-80 


90-100 
90-100 


90-100 
90-100 


80-95 
90-100 


95-100 
95-100 


70-85 
80-90 
60-70 

65-90 


90-100 
90-100 


70-90 
65-80 


65-80 
65-80 


75-95 
70-95 


60-90 


10-35 
3-15 


3-15 


3-15 


70-100 
80-100 


70-100 
80-100 


30-60 
20-30 


1-35 


85-95 
85-95 


10-60 
35-55 
30-10 

20-55 


D-100 
D-100 


1-40 
4-40 


10-35 

3-15 


60-95 
40-75 


30-65 


25-40 
30-50 


25-40 
30-50 


<25 

15-38 


35-55 
35-55 


20-30 
25-35 
15-25 

<20 


24-34 
24-34 


22-33 
20-35 


20-32 


35-65  !  6-3 
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APPENDIX  C  (CONTINUED) 


Soil  name  and 
map  symbol 



Depth 



USDA  texture 

Classification 

Frag- 
ments 
>  3 

Percentage  passing 

Liquid 
limit 

Plas- 
ticity 

Unified 

AASHTO 

sieve  number  — 

Inches 

U 

10 

40 

200 

index 

In 

Pet 

Pet 

0-15 
15-52 

Very  gravelly 

ML,  SM 
GM,  SM, 

A-2,  A-1 
A-1,  A-2 

0 

85-100 
30-70 

80-100 
20-65 

60-90 
15-50 

30-70 
10-30 

<30 
<25 

NP-6 

Conotton 

0-5 

NP-6 

sandy  clay  loam, 

GH-GC, 

gravelly  sandy 

SW-SM 

clay  loam, 

gravelly  sandy 

loam. 

52-60 

Stratified  very 
gravelly  sand  to 
very  gravelly 
loamy  sand. 

GW,  GM, 
SM,  SW 

A-1 

0-10 

25-65 

15-60 

10-10 

0-20 

NP 

Du«. 

Dumps 

Ed*------— --— _ 

0-20 
20-28 
28-60 

PT 
CL 
SP,  SP-SH 

A-8 
A-8 
A-3,  A-1 

0 

0 
0 

100 

100 

95-100 

90-100 

80-90 

70-95 

80-90 
70-80 
10-70 

10-20 

60-80 
5-25 

Edwards  Variant 

NP 
NP 

Gravelly  sand 

-" 

EkA-------- — ..... 

0-15 
15-12 

Silty  clay  loam, 

CL,  CL-ML 

CL 

A-1,  A-6 
A-6,  A-4 

o 

100 
100 

100 
100 

90-100 
85-100 

70-90 
65-90 

25-10 
30-10 

5-15 
8-18 

Elkinsville 

0 

silt  loam. 

12-51 

Silty  clay  loam, 
loam,  sandy  clay 
loam. 

CL 

A-1,  A-6 

0 

100 

100 

80-100 

50-90 

30-10 

8-18 

51-60 

Stratified  silty 
clay  loam  to 
sandy  loam. 

CL,  CL-ML, 
ML,  SH 

A-1,  A-6 

0 

100 

100 

70-100 

15-80 

<30 

NP-15 

0-19 
19-32 

Sandy  loam,  loam, 

SM 

SM,  CL, 

A-2,  A-1 
A-1,  A-6 

0 
0 

1  00 

100 
75-95 

60-70 
50-80 

30-10 
35-65 

<30 
<30 

NP-6 

Elston 

95-100 

NP-15 

sandy  clay  loam. 

SC,  ML 

32-13 

Loamy  sand,  sandy 
loam. 

SP-SM,  SM, 
SC,  SM-SC 

A-2-1, 
A-3, 
A-1-B 

0-3 

95-100 

75-95 

15-75 

5-30 

<25 

NP-10 

13-80 

Sand,  fine  sand 

SP-SM,  SH 

A-3, 
A-2-1, 
A-1-B 

0-3 

95-100 

70-95 

10-70 

5-25 

NP 

0-18 

Shaly  silt  loam 

CL,  CL-ML, 
SC,  GC 

A-1,  A-6, 
A-2 

5-15 

55-90 

15-85 

10-85 

30-75 

20-10 

u-18 

Fairpoint 

18-60 

Gravelly  clay 
loam,  very  shaly 
silty  clay  loam. 

GC,  CL, 
CL-ML,  SC 

A-1,  A-6, 
A-7,  A-2 

15-30 

55-75 

25-65 

20-65 

15-60 

25-50 

U-2U 

0-2 

Very  shaly  silt 
loam . 

CL,  CL-ML, 
SC,  GC 

A-1,  A-6, 
A-2 

5-15 

55-90 

15-85 

10-85 

30-75 

20-10 

u-18 

Fair point 

2-60 

Gravelly  clay 
loam,  very  shaly 
silty  clay  loam. 

GC,  CL, 
CL-ML,  SC 

A-1,  A-6, 
A-7,  A-2 

15-30 

55-75 

25-65 

20-65 

15-60 

25-50 

U-24 

Ha   Hb--- ------- - 

0-10 
10-11 

HL 
ML 

A-1 
A-1 

0 

1  00 

1  00 

90-100 
90-100 

80-90 
80-90 

27-36 
27-36 

u- 1  o 

Haymond 

0 

100 

100 

U-10 

414-60 

Fine  sandy  loam, 
silt  loam,  loam. 

ML,  SM 

A-U 

0 

95-100 

90-100 

80-100 

35-90 

27-36 

U-10 

He 

0-15 

Loamy  sand 

SM 

A-2,  A-3 

0 

100 

100 

50-75 

15-30 



NP 

Haymond  Variant 

15-11 

Silt  loam 

ML,  CL-ML, 

CL 
SM,  SM-SC 

A-U 

0 

100 

100 

90-100 

30-90 

21-36 

U-12 

11-60 

Stratified  fine 

A-2,  A-3 

0 

100 

100 

50-80 

15-30 

10-20 

NP-7 

3andy  loam  to 

loamy  sand. 

0-10 

ML,  CL, 
CL-ML 

A-U 

0 

95-100 

95-100 

90-100 

80-100 

20-35 

3-10 

Hensnaw 

10-19 

Silty  clay  loam, 
silt  loam. 

CL,  ML 

A-6,  A-U 

0 

95-100 

95-100 

95-100 

85-100 

30-10 

8-18 

19-60 

Silt  loam,  silty 
clay  loam. 

ML,  CL, 
CL-ML 

A-U,  A-6 

0 

95-100 

90-100 

85-100 

75-100 

25-10 

5-15 
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APPENDIX  C  (CONTINUED) 


Classification 


Frag- 
ments 

>  3 
inches 


Soil  name  and 
map  symbol 


Depth 


USDA  texture 


Percentage  passing 
sieve  nuraber-- 


Liquid 
limit 


HkF 

Hickory 


HoA,  HoB2- 
Hosmer 


HoC3,  HoD3- 
Ho3mer 


IoA— 
Iona 


IvA— 
Iva 


Kn 

Kings 


La 

Landes 


Lo 

Loroai 


Ly 

Lyles 


MbB2 

Maryland 


0-12 
12-49 
«9-80 


0-6 
6-28 


28-64 
64-80 


0-6 
6-19 


19-57 
57-60 


0-10 
10-45 


45-60 

0-12 
12-41 


0-14 
14-43 
43-60 


0-18 
18-60 


0-32 
32-44 


0-17 
17-37 
37-54 

54-60 


0-9 
9-39 


39-60 


Loam 

Clay  loam — --- — 
Clay  loam,  sandy 
loam,  loam. 

Silt  loam 

Silt  loam,  sllty 
clay  loam. 

Silt  loam 

Silt  loam 

Silt  loam 

Silt  loam,  silty 
clay  loam. 

Silt  loam 

Silt  loam 

Silt  loam 

Silty  clay  loam, 

silt  loam. 
Silt  loam-- 

Silt  loam 

Silty  clay  loam, 

silt  loam. 
Silt  loam 

Silty  clay 

Silty  clay,  clay 

Stratified  clay 

to  silt  loam. 

Loamy  sand------- 

Stratified  fine 
sand  to  loam. 

Loam 

Fine  sandy  loam, 

loam. 
Stratified  fine 

sandy  loam  to 

fine  sand. 

Fine  sandy  loam 

Sandy  loam,  loam 
fine  sandy  loam 

Stratified  loamy 
fine  sand  to 
sandy  clay  loam 

Fine  sand,  sand, 
sandy  loam. 

Silt  loam 

Silty  clay,  clay 

silty  clay  loam 
Stratified  clay 

to  silt  loam. 


CL 
CL 
CL-HL, 


A-6,  A-4 
A-6,  A-7 
A-4,  A-6 


CL-HL 
CL-ML 

CL-HL 
CL-HL 

CL-HL 
CL-HL 


A-7 
A-7 
A-7 


A-6 
A-7 


A-7 
A-6 


A-6 

A-7 


A-7 
A-6 


A-6 
A-7 


A-6 
A-7 


SH,  SC, 

SH-SC 
SH,  HL, 

SP-SH,  SC 

CL,  CL-HL 
SM,  SC, 

CL,  HL 
SP-SH,  SP, 

SH 


SH,  SH-SC 

SM-SC,  SC, 

CL-HL,  CL 
SH,  SH-SC, 
SC 

SP-SH,  SH, 
SH-SC 


CL,  CL-HL 
CL,  CH 


A-4,  A-2 
A-2,  A-4 


A-4,  A-6 

A-4,  A-6, 

A-2 

A-3,  A-2 


A-2-4, 

A-4 
A-4,  A-6 

A-4,  A-6, 
A-1,  A-2 

A-2-4, 
A-1-B, 
A-3 

A-4,  A-6 
A-7 

A-6,  A-7 


Pet 

0-5 

0-5 

0-5 


95-100 

100 
85-100 


100 
100 


100 

100 


100 
100 


100 
100 


100 
100 


100 
100 


100 
100 
100 


100 
100 


100 
100 


95-100 
95-100 
95-100 

95-100 


100 
100 


90-100 
90-100 
85-95 


100 
100 


100 
100 


100 

100 


100 
100 


100 
100 


100 

100 


100 
100 

100 


95-100 
95-100 


80-95 
80-95 


35-100 
85-100 
85-100 

85-100 


•00 
100 


90-100 

80-95 

80-95 


90-100 
90-100 


90-100 
90-100 


90-100 
90-100 


90-100 
90-100 


90-100 
90-100 


90-100 
90-100 

90-100 

90-100 
90-100 
95-100 


85-95 
60-95 


80-95 
80-95 


55-30 
50-80 
45-85 

45-75 


90-100 
95-100 


85-95 
75-90 
60-80 


80-100 
80-100 


80-100 
80-100 


80-100 
80-100 


30-100 
80-100 


70-100 
80-100 


70-100 
80-100 

70-90 

75-95 
75-95 
85-95 


20-50 
10-70 


60-75 
30-60 


25-50 
35-60 
15-40 

5-30 


70-90 
90-95 


20-35 
30-50 
20-40 


25-35 
35-50 

30-50 
25-35 

25-35 
35-50 

30-50 
25-35 

25-35 
35-50 

20-35 

25-35 
35-50 

25-35 

40-60 
45-70 
40-55 


<25 

<30 


25-35 
20-30 


<20 
20-30 
15-35 

<20 


25-35 
45-60 


35-60 
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APPENDIX  C  (CONTINUED) 


Classification 


Frag- 
ments 

>  3 
inches 


Soil  name  and 

nap  symbol 


Depth 


USDA  texture 


Percentage  passing 
sieve  number-- 


Liquid 
limit 


McA 

McGary 

No 

Nolin 

Pb 

Patton 

Pg 

Peoga  Variant 

Po 

Petrolia 

PsA 

Proctor 

Ra 

Ragsdale 

ReA 

Reesville 

Sa 

Selma 

Sc 

Selma 

SdA 

Stockland 


0-8 
8-37 

37-60 

0-10 
10-44 
44-60 


0-17 
17-37 


37-60 


0-10 
10-22 
22-5*4 
54-60 

0-7 
7-60 


0-15 
15-52 
52-60 


0-18 
18-46 
U6-60 

0-13 
13-41 


0-15 
15-52 


0-16 
16-53 


53-60 


0-17 
17-47 


47-80 


Silt  loam 

Sllty  clay,  silty 

clay  loam. 
Stratified  silty 

clay  loam  to 

clay. 

Sllty  clay  loam 

Silt  loam,  silty 

clay  loam. 
Loam,  silt  loam 

Silt  loam 

Silty  clay  loam 

Stratified  silt 
loam  to  silty 
clay  loam. 

Silt  loam 

Sllty  clay  loam 

Silty  clay 

Clay  loam-- 

Silty  clay  loam 
Sllty  clay  loam, 
silt  loam. 

Silt  loam 

Silt  loam,  loam. 
Stratified  loam 
to  sand. 

Silt  loam 

Sllty  clay  loam 
Silt  loam 

Silt  loam — 

Silty  clay  loam, 

silt  loam. 
Silt  loam 

Loam- 

Sandy  clay  loam, 

loam,  clay  loam. 
Stratified  3and 

to  loam. 

Clay  loam 

Sandy  clay  loam, 

clay  loam. 
Stratified  very 

coarse  sand  to 

loam. 

Sandy  loam 

Very  gravelly 
sandy  loam, 
gravelly  3andy 
loam,  gravelly 
sandy  clay  loam. 

Stratified 
gravelly  sand  to 
gravelly  sandy 
loam. 


CL,  CL-ML 
CL,  CH 


ML,  CL, 
CL-ML 

ML,  CL, 
CL-ML 

ML,  CL, 
CL-ML 

CL 

CL,  CH, 
ML,  MH 

CL 


CL 
CL 

CL,  CH 
CL 

CL 
CL 


CL 
CL 
SC,  CL, 

SM-SC, 

CL-ML 

CL,  CL-ML 

CL 

CL,  CL-ML 

ML,  CL-ML 
CL,  CL-ML 

ML,  CL, 

CL-ML 

CL 
CL,  SC 

SM-SC,  SC, 
CL-ML,  CL 

CL 
CL,  SC 

SM-SC,  SC, 

CL-ML,  CL 


SC,  SM, 
ML,  CL 

SC,  SM, 
SM-SC 


SM,  SP-SM, 
GP-GM,  GM 


A-4,  A-6 
A-7 


A-6,  A-7 


A-4,  A-6 

A-4,  A-6, 

A-7 
A-2,  A-4, 

A-6 

A-6 
A-7 


A-6,  A-7 

A-6,  A-7 
A-7 

A-6,  A-7 

A-6,  A-7 

A-6,  A-7, 
A-4 


A-6 
A-7, 
A-2,  A-4, 
A-6 


A-6 


A-4,  A-6 

A-6,  A-7 

A-4,  A-6 

A-4 

A-6,  A-7, 

A-4 

A-4,  A-6 


A-4,  A-6 
A-6 


A-2,  A-4, 
A-6 


A-6 
A-6 


A-2,  A-4, 
A-6 


A-4,  A-6, 

A-2 
A-4,  A-6, 

A-2 


Pet 


0 

0 

0-10 


0-5 
0-5 


100 
100 


100 

100 
50-100 


100 
100 


100 
100 

100 
100 

100 
100 


100 
95-100 
85-100 


100 
100 
100 

100 

100 


100 
100 


100 
100 


95-100 
75-95 


35-60 


100 

100 


95-100 
95-100 
50-100 


100 
100 


100 
100 
100 

100 

95-100 
95-100 


100 
90-100 
80-100 


100 
100 
100 

90-100 
90-100 

85-95 


98-100 
95-100 


85-100 


100 
95-100 


95-100 
50-75 


25-50 


90-100 
95-100 


90-100 
85-100 
40-95 


95-100 
95-100 


95-100 


95-100 
95-100 
90-100 
90-100 

90-100 
80-100 


95-100 
85-100 
50-100 


90-100 
90-100 
90-100 

90-100 
90-100 

80-90 


80-98 
80-95 


60-90 


85-100 
80-95 


60-90 


60-85 
40-65 


70-95 
90-100 

85-100 

80-100 
75-100 
35-95 


75-95 
80-100 


75-95 


85-95 
85-95 
85-100 
85-95 

80-100 
60-100 


85-100 

65-90 

25-80 


70-100 

80-95 

70-90 

85-100 
90-100 

70-90 


55-85 
38-85 


30-70 


60-90 
38-85 


30-70 


30-60 
25-50 
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APPENDIX  C  (CONTINUED) 


Classification 


Soil  name  and 
nap  symbol 


Depth 


USDA  texture 


Frag- 
ments 

>  3 
inches 


Percentage  passing 
sieve  number-- 


Liquid 
limit 


Plas- 
ticity 
index 


SyB2,  SyC3,  SyD3 
SyF 

Sylvan 


UdB». 
Udorthents 


Vn 

Vincennes 


Vo 

Vincennes 


Wa 

Wakeland 


Wb 

Wallkill 


Wo 

Wallkill 


Zp 

Zipp 


Zt 

Zipp 


0-7 

7-38 


38-60 


0-10 
10-54 


54-60 


0-9 
9-55 


55-60 


0-7 
7-60 


0-3 
3-17 


17-60 


0-18 
18-42 
42-60 

0-5 
5-36 

36-60 

0-6 

6-39 

39-60 


Silt  loam 

Silty  clay  loam, 

silt  loam. 
Silt  loam 

Loam---- 

Clay  loam,  sandy 

clay  loam,  loam 
Stratified  clay 

loam  to  sand. 

Clay  loam 

Clay  loam, 

gravelly  clay 

loam. 
Gravelly  clay 

loam,  clay  loam 

Silt  loam 

Silt  loam 

Silt  loam 

Silt  loam,  loam, 

gravelly  silt 

loam. 
Sapric  material , 

hemic  material. 

Silt  loam 

Sapric  material 
Sllty  clay 

Silty  clay 

Clay,  silty  clay 

sllty  clay  loam 

Clay,  sllty  clay 

Sllty  clay 

Silty  clay 

Silty  clay 


CL-ML,  CL 

CL 


CL,  CL-ML 


CL 
CL,  SC 


SC,  CL, 
SH,  ML 


ML 
ML 

ML,  SM,  OL 

CL,  CL-ML, 

SM-SC,  SC 


CL 
PT 

CL,  CH 

CL,  CH 

CL,  CH 

CL,  CH 

CL,  CH 

CL,  CH 

CL,  CH 


A-4,  A-6 
A-6,  A-7 


A-6 
A-6,  A-7 


A-6,  A-4, 
A-2,  A-1 


A-6,  A-7 
A-6,  A-7 


A-6,  A-7 


A-4 
A-4 


A-5,  A-7 
A-4 


A-4,  A-6 
A-8 

A-7 

A-7,  A-6 
A-7 


A-7, 

A-7 

A-7 


Pet 


100 
100 


100 
100 


95-100 
95-100 


100 
100 


95-100 
75-100 


100 
100 


100 
100 


100 
100 
100 


100 
100 


85-100 
85-100 


85-100 
75-85 


70-85 


100 
100 


90-100 
70-100 


95-100 
95-100 


100 
100 


100 
100 
100 


100 
100 


95-100 


75-100 
60-100 


75-100 
60-85 


65-85 


90-100 
90-100 


70-100 
60-100 


90-100 

90-100 

95-100 
95-100 

90-100 

95-100 
95-100 
90-100 


95-100 
95-100 


60-90 
35-80 


65-75 
55-75 


80-90 
80-90 


40-90 
40-90 


80-95 
85-95 


90-95 
90-95 


90-95 
90-95 
75-95 


25-35 
35-50 


25-35 
35-45 


15-35 


30-40 
35-50 


25-35 


27-36 
27-36 


40-50 
15-25 


24-34 

40-55 

35-55 
45-60 

45-60 

35-55 
45-60 
45-60 


5-15 
20-30 


10-20 
15-25 


10-18 
15-25 


4-10 
4-10 


5-15 
5-10 


8-15 

20-30 

20-30 
25-35 

25-35 

15-30 
25-35 
25-35 
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APPENDIX  D-1.    STATISTICAL  STREAM  FLOW  DATA  FOR  THE  WABASH  RIVER  (10). 

05J43OOO  Wabash  Nm  >t  V  Incomes,   Ind. 

LOCATION. --Lat  38'4Z'26",  long  87*31'10",  in  f**ksto  sec. 10,  T.3  N. ,  B.io  »,,  tear  County,  mar  center  of  spin  on  dnratna  side  of 
bridge  on  U.S.  Highway  50  at  CAB  Indiana-Illinois  State  line,  4.9  alias  (7.9  n?)  downstreaaj  frrja  Maria  Creek,  7.7  aulas  ,'12.4  kaj 
upstreaa  from  Bebams  River,  and  at  ails  129.8  (201.)  kas) . 

DRAINAfic  AREA. --13,706  ai1   (35,49*  lor1). 

RB*ARI5.-  -Natural  flow  of  strew  affactad  by  storage  reservoirs  and  power  developaent. 


DURATION  TABIC  Of  MILT  DISCHARGE  FOR  TEA*  ENDING  SEPTDK*  30 
0      1      2      }     a     5     6      7      «     9   10    11    12    13   1*    IS   16   IT   IS   19   26   21   22  23  2*  25   26  2T   28  29   30   31    32   33   3* 


1931 
1932 
1933 
193* 
1935 

1936 
193T 
1936 
1939 
19*0 

19*1 
19*2 
19*3 


19*6 
19*9 
1950 

1951 
1952 
1953 
195* 
1955 

1956 

195T 
1956 
1959 
I960 

1961 


1971 
19T2 
1973 


6  IT   *   2 

3  3*  52  6T  *T  16  It  »*  32  16  5  9   2   1  2  1  1   I 

9  23  21  29  25  22  20  IS  35  2*  33  23  16  18  13  16  6   3  5   T 

1*  2*  19  26  2*  1*  17  19  13  IT  15  1*  15  16  12  10  10  36  I*  10  11 

T  13  12  IT  IT  3*  60  *8  *3  36  1*  6  9  10   9  S  5  5  3 

1   »  36  11  13  9  20  25  1*  IS  a*  2*  30  27  21  IS  T  10  5   T  5  11 

25  IS  39  22  9  1*  25  39  23  2*  2*  16  20   T  6  13  S  5   6  10   2  2   1   2 

1  11  22  2T  21  26  21  21  2*  2T  33  11  IT  13  1*  36  18   T   3 

9  20  2*  16  2T  16  IS  31  3*  26  2*  T  12  19  1*  10  1*  15  8  5 

15  AT  20  2T  12  IT  IS  30  35  IS  19  1A  8  9  S   9  13  20  T  S  * 

9  6  58  TV  22  IS  IT  10  13  21  23  29  12   T  9  8  3  6   S  9  2 

11  27  21  27  31  36  AT  61  30  21  10  1*  9  3   T  3  3  * 

*     1   1   1   A  S  31  »0  32  36  26  35  22  26  19  T  10  8  6   T  22  1*  5 

6  S  11  26  23  13  2*  3*  A6  3S  31  19  23  10  9  T  IS  2 

1*   7  3T  T9  S*  20  12   T  S   8   6   6   8  11  11  1*  IT  IT   »   3  3 

37  63  36   S  2  1*  11  13  A  16  11  1*  13  IT  18  16  II   S  13  11  12  S  6 

3  2*  6  12  13  12  13  19  28  Al  25  16  11  26  22  23  12  36  1*  9 

3  1*  IS  !  17  33  21  «  28  19  17  15  16  IS  9  12  21  12  15   T  10   9  » 

2  9  27  19  31  47  21  21  IT  18  13  23  17  IS  IS   T  13  1*  S  T  S   8  S   1 

12  25  16  9  12  20   S  17  36  38  *2  20  12  15  9   T  16  5  IS  S  11   *  5 

5  1*  2S  21  1*  22  2T  19  17  12  11  10  29  33  15  22  11  1*  1*  7   9 

T  7  U  27  T  IS  33  38  33  2*  *  22  IS  2S  36  33  T  3   2  2  T 

6  21  13  IS  IS  2*  19  IS  1A  16  28  22  2*  13  1A  26  *1  16  13  3 

20  11  39  2*  S  9  22  30  3*  36  26  20  20  T  9  12  IS  S  13  5 
6109  39  A3  21  25  22  26  10   T  20  IT  6  7  2  S 

10  16  13  16  26  IS  21  *3  IS  2*  21  26  19  19  27  22  IS  10  9 

T   S  t  IS  S  IS  25  2S  13  29  27  27  2T  26  36  18  S  16  12  13  3 

2*  31   T   T  S  S  22  21  1*  IS  3*  IT  12  10  9  IS  12  II  12  IT  la  2*  9  9  5  2 

1   9  5  7  9  2*  37  37  3*  27  23  21  28  12  13  12  12  IS  IS   T   S   3   3 

T  A  9  13  9  S  *l  30  39  2*  II   8  S  T  IS  28  IT  2*  3T   S  *   3  *   2  *  * 

7  It  1*  21  25  26  23  29  29  *1  SI  39  16  9  S  S  13  5 

It  *7  At  22  12  IS  12  2*  17  21   6  It  11  6  IS  17  7  9  16  2   3  9  t 

3  21  30  26  25  21  2*  35  23  IS  25  31  16  1*  II  20  11  5  » 

21  26  A3  96  32  23  It  17   7  1*  9  It  t  13  5  6  5   I   5  3   3  6 

9  17  22  70  33  22  21  13   7  17  12  1*  11  1*  t  11  II  It  6  I  IS  5  1  2  2   3  3 

1  6*  23  26  22  9  9  It  22  17  17  IS   9  20  I*  29  t  9  19  S  S   1 

*   9  9  2*  11  23  57  39  31  IS  31  20  19  12  12  13  1*  S  6 

S  27  26  21  19  16  16  IS  12  IS  13  I*  23  16  It  26  13  2*  22  29  3  3  *  5 

16  II  30  21  15   3  12  1*  32  36  21  21  23  19  19  19  1*  7  It  13   2  S 

12  39  19  7  15  26  36  31  29  32  19  26  12  11  17  13  *  3  5   3  9   1 

3  1*  It  11  2t  IS  36  It  36  »1  33  11  19  It  27  It  9  3  2  A   3   1 

5  22  2t  21  39  32  59  **  27  26  19  IS  t  6  t   7   7  5  S 

3  *2  37  22  20  33  27  29  32  26  17  16  It  9   7  It  7  5  6 

1  16   A  6  11   7  12  2*  28  29  17  22  *6  56  3*  2*  26  A 


3*33211222 


1102S60.0 
3S790SS.I 
5tl7l3t.t 
1*66765.0 

3705260.0 

2T56036.0 
6IT95tt.S 
56TS60S.S 
*T00T00.0 
1979250.0 

1210620.0 
3661820. I 
57150*0.0 
3**7306.6 
37T90SI.I 

** 95810.0 
3963166. S 
007330. 0 
S2072T6.t 
9095590.0 

5975720.0 
5651120.0 
3151956.0 
1312160.6 
2970266.6 

3705710.0 
5073210.0 
62366T6.6 
91t**10.6 
3825*36.6. 

399S6S6.6 

4800200.0 
2*3*6*0.0 
26226*6.1 
3225560.0 

2176070.0 
A6I09S6.S 
9*72*16. S 
*9***9t.t 

469* 2*6.0 

3315266.6 

40*3170.0 
7T65900.0 


CLASS      CfS      TOTAL   ACCUN  PfPCT 


CLASS      CfS         TOTAL   ACCU"  P£»CT 


TOTAL   ACCUM  PfRCT  CLASS      CFS        TOTAL   ACCUM  After 


0    o.ot 

0 

16071 

100.6 

9 

2900.00 

935 

126S1 

78.  T 

16 

13000.0 

ATT 

4*49 

2T.8 

2T 

57000 

99) 

242 

1    TT0.00 

9 

16071 

106.6 

10 

3*00.00 

960 

11716 

72.9 

19 

15006.0 

66* 

3792 

23.6 

28 

67000 

OS 

143 

2    910.00 

31 

16062 

99.9 

11 

4000.00 

96* 

10756 

66.9 

20 

1A00O.O 

502 

312S 

19.5 

29 

00000 

36 

51 

3   1100.00 

122 

16031 

99.8 

12 

4800.00 

768 

97SS 

60.9 

?1 

21000.0 

54* 

2626 

16.3 

30 

9*000 

It 

26 

•   1300. 00 

252 

15909 

99.0 

13 

5600.00 

920 

9000 

56.0 

22 

25000.0 

589 

2082 

13.0 

31 

110000 

4 

10 

S   1560.00 

661 

15657 

97.* 

1* 

6600.00 

1006 

6080 

50.3 

23 

29000.0 

539 

1*93 

9.3 

32 

130000 

2 

6 

6   1806.06 

709 

1*996 

93.3 

IS 

T806.00 

914 

7072 

44.0 

24 

35000.0 

336 

95* 

5.9 

33 

150000 

2 

4 

T   2100.00 

905 

1*267 

§6.9 

16 

9200.00 

664 

6158 

36.3 

25 

41000.0 

213 

618 

3.8 

3* 

160000 

2 

2 

6   2506.00 

031 

13*82 

63.9 

17 

11006.00 

60S 

5274 

32.0 

26 

48000.0 

163 

*05 

2.5 

LOWEST  NEAR  DISCHARGE.   IR  CFS.  AR0  (UNKING.  FOR  Tht  FOLLOW"*  NutKR  Of  CONSECUTIVE  OATS  [R  TEAR  ENDING  "ARCH  31 


YEAH 

1 

3 

7 

1* 

30 

60 

90 

126 

163 

ANNUAL 

1931 

1200 

00 

7 

1300 

00 

a 

1360 

00 

9 

1450.00 

9 

1510.00 

A 

1650.00 

9 

1660.00 

7 

1720.00 

5 

1S70.0S 

2 

3960.00 

1 

1932 

1630 

00 

16 

1660 

00 

16 

1740 

00 

19 

2130.00 

25 

2370.00 

26 

2630.00 

26 

3000.00 

23 

3150.00 

20 

3850.06 

20 

9070.00 

16 

1933 

1S50 

00 

23 

1«90 

00 

24 

2010 

00 

25 

2120.00 

24 

2950.00 

33 

3320.00 

31 

3500.00 

26 

3*60.00 

27 

4100.00 

23 

10000.00 

19 

193* 

1S50 

00 

2* 

1A50 

00 

23 

1900 

00 

23 

1970.00 

20 

2100.00 

20 

2670.00 

24 

2960.00 

I! 

2920.00 

19 

3*90.00 

17 

10700.00 

24 

1935 

770 

00 

1 

7S3 

00 

1 

799 

00 

1 

667.00 

1 

1300.00 

5 

1370.00 

2 

1630.00 

5 

22*0.00 

11 

2630.00 

9 

6350.00 

5 

1936 

1*20 

00 

12 

1530 

00 

16 

1630 

00 

1ft 

16*0.00 

15 

1690.00 

12 

1950.00 

1* 

2750.00 

19 

3250.00 

21 

3710.00 

19 

10500.00 

22 

1937 

1130 

00 

5 

1130 

00 

5 

11*0 

00 

5 

1180.00 

5 

1220.00 

^ 

1430.00 

4 

1800.00 

10 

2270.00 

13 

4610.00 

26 

12700.00 

29 

1938 

2270 

00 

32 

2270 

00 

31 

2*30 

00 

31 

2570.00 

33 

2S10.0O 

30 

3970.00 

37 

3850.00 

31 

4270.00 

30 

6000.00 

32 

13200.00 

31 

1939 

2110 

00 

26 

2110 

00 

27 

2160 

00 

27 

22*0.00 

27 

2360.00 

25 

2670.00 

25 

3030.00 

25 

3360.00 

2* 

4800.00 

27 

16500.00 

3T 

19*0 

1670 

00 

19 

1670 

00 

19 

1*70 

00 

1» 

1670.00 

1ft 

1760.00 

15 

1870.00 

12 

1960.00 

12 

1950.00 

6 

2500.00 

7 

7720.06 

9 
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LOWEST  KIM  DISCHARGE.   Ill  CB.  MB  RMHUK.  F0«  THE  FOU.0HH8.  UKI  OF  CONSECUTIVE  OATS  11  VEAB  EMI*  WRCM  31 


19*1 

loeo 

00 

4 

1090 

00 

* 

1100 

00 

4 

1160.01) 

4 

13*0.00 

4 

1*80.00 

6 

1550 

00 

3 

16*0 

00 

3 

2020.00 

5 

4780 

00 

? 

19*2 

960 

00 

2 

970 

00 

2 

486 

00 

2 

1000. 00 

2 

1230.00 

3 

1*00.00 

3 

1690 

00 

8 

2250 

00 

12 

3390.00 

16 

7730 

.00 

10 

19*3 

2390 

00 

35 

2390 

00 

33 

2»*0 

00 

32 

2560.00 

32 

3020.00 

3* 

3300.00 

29 

•  3800 

00 

30 

4600 

00 

31 

6130.00 

33 

10400 

00 

20 

I'M* 

1910 

00 

25 

1920 

00 

25 

1990 

00 

2* 

2070.00 

23 

2200.00 

23 

2310.00 

19 

2*30 

00 

17 

2700 

00 

18 

3110.00 

S3 

12800 

00 

30 

19*5 

130ft 

00 

9 

1320 

Oft 

9 

1360 

06 

4 

1*20.00 

8 

1*90.00 

7 

1560.00 

7 

1630 

00 

4 

1630 

00 

2 

1680.00 

1 

9230 

00 

16 

19*4 

2600 

00 

37 

26  30 

00 

37 

2800 

00 

37 

30*0.00 

39 

3*50.00 

38 

4880.00 

41 

58*0 

00 

40 

7670 

00 

»1 

7660.0* 

37 

15*00 

00 

35 

19*7 

1*50 

00 

IS 

1*70 

00 

13 

1520 

00 

1* 

1560.00 

12 

1690.00 

13 

1870.00 

13 

2270 

00 

15 

2560 

00 

16 

3370.00 

15 

•wo 

00 

11 

19*9 

20*0 

00 

26 

2050 

00 

26 

2080 

00 

26 

2180.00 

26 

26*0.00 

29 

29*0.00 

27 

32*0 

00 

26 

33*0 

00 

23 

4020.00 

21 

12600 

00 

28 

19*9 

17*0 

00 

20 

1780 

00 

20 

1890 

00 

21 

2050.00 

22 

2170.00 

21 

2*60.00 

21 

2760 

00 

20 

3730 

00 

29 

5120.00 

29 

16800 

00 

38 

1950 

2100 

00 

27 

2130 

00 

28 

2200 

00 

28 

2360.00 

29 

2910.00 

32 

3550.00 

3* 

4670 

00 

37 

5820 

00 

37 

6760.00 

35 

20500 

00 

43 

1951 

3600 

00 

»3 

3730 

00 

»3 

*000 

00 

*3 

4  350.00 

*3 

•770.00 

43 

7980.00 

*3 

8990 

00 

43 

8720 

00 

43 

10500.00 

41 

18900 

00 

41 

195? 

2360 

00 

3* 

2390 

00 

3* 

2*70 

00 

3* 

2530.00 

31 

2630.00 

26 

3530.00 

33 

4160 

00 

3* 

5530 

00 

36 

79*0.00 

38 

15300 

00 

3* 

1953 

2250 

00 

31 

2250 

00 

29 

2250 

00 

29 

2300.00 

28 

23*0.00 

24 

2530.00 

23 

3010 

00 

2* 

3380 

oo 

25 

4060.00 

22 

11*00 

00 

25 

195* 

1»30 

00 

13 

1**0 

00 

12 

1510 

00 

12 

1620.00 

14 

1650.00 

11 

1670.00 

10 

1700 

00 

9 

1700 

00 

4 

1930.0* 

4 

5360 

00 

1955 

1**0 

00 

1* 

1500 

00 

1* 

1550 

00 

15 

16*0.00 

17 

1800.0* 

16 

2030.00 

16 

21*0 

00 

13 

2530 

00 

15 

317*. •• 

14 

6810 

00 

6 

1*54 

1400 

00 

11 

1*00 

00 

11 

1*10 

00 

10 

1500.00 

10 

1760.00 

1* 

2*20.0* 

20 

3870 

00 

32 

4750 

00 

32 

5*10.0* 

31 

9190 

00 

17 

1957 

11*0 

00 

6 

1160 

00 

6 

1180 

00 

6 

1190.00 

6 

12*0.0* 

* 

1310.0* 

1 

1*60 

00 

1 

1830 

00 

7 

26**. 0* 

10 

7100 

00 

7 

195( 

2*30 

00 

36 

2550 

00 

36 

26*0 

00 

36 

2790.00 

36 

3780.0* 

41 

3*90.00 

35 

•  970 

00 

38 

6300 

00 

38 

12700.0* 

43 

18*00 

0* 

39 

1959 

3*00 

00 

»2 

3*00 

00 

»2 

3*00 

00 

42 

3*70.00 

42 

3690.0* 

*0 

4740.00 

40 

6*20 

00 

*t 

7010 

00 

39 

1060*. 00 

42 

18700 

00 

*0 

1960 

1390 

00 

10 

1390 

00 

10 

1*30 

00 

11 

1610.00 

13 

2010.00 

18 

2*70.00 

12 

2960 

00 

21 

3270 

00 

22 

4*50.00 

25 

10*00 

00 

21 

1961 

1610 

00 

17 

1630 

00 

17 

1660 

60 

17 

16*0.00 

16 

19*0.00 

17 

19*0.00 

15 

2170 

00 

1* 

2200 

oo 

10 

2S10.0* 

8 

8670 

00 

13 

19*2 

2600 

00 

39 

29*0 

00 

»1 

3260 

00 

»1 

3330.00 

41 

3630.0* 

39 

3890.00 

36 

4230 

00 

35 

5230 

00 

3* 

6260.00 

34 

15600 

00 

36 

1963 

1000 

00 

21 

1800 

00 

21 

1600 

00 

2ft 

1830.00 

19 

2090.00 

19 

2270.00 

17 

2360 

00 

16 

2500 

00 

1* 

2870.00 

11 

8980 

00 

14 

196* 

1000 

00 

3 

1000 

00 

3 

1000 

00 

3 

10*0.00 

3 

1180.0* 

I 

1*50.00 

5 

1490 

00 

2 

1500 

00 

1 

1920.00 

3 

5180 

00 

3 

1965 

1*60 

00 

16 

15)0 

00 

15 

1520 

00 

13 

1530.00 

1) 

15*0.00 

9 

1620.00 

8 

1680 

00 

6 

1740 

00 

6 

2230.0* 

6 

90*0 

00 

IS 

1966 

22*0 

00 

30 

2310 

00 

32 

2*10 

00 

30 

2500.00 

30 

2S3«.00 

27 

3170.00 

28 

3*30 

oo 

27 

3690 

oo 

28 

4150.00 

24 

8310 

oo 

12 

1967 

12*0 

00 

8 

12*0 

00 

7 

1330 

00 

7 

1*00.00 

7 

1580.0* 

10 

1860.00 

11 

1830 

00 

11 

1990 

00 

9 

305*. 00 

12 

10700 

00 

23 

1966 

18*0 

00 

22 

16*0 

00 

22 

1900 

00 

22 

2010.00 

21 

2179.00 

22 

2270.00 

IS 

2*50 

00 

1* 

2650 

00 

17 

365*. 0* 

IS 

13600 

08 

32 

1969 

2800 

00 

»0 

2*  90 

Oft 

»0 

2910 

00 

39 

3000.00 

38 

32»*. 00 

3« 

3510.00 

32 

4100 

00 

33 

49*0 

00 

33 

7249.00 

36 

1*200. 

oo 

33 

1978 

2800 

00 

*l 

2820 

00 

39 

2870 

00 

36 

2930.00 

37 

3300.0* 

37 

5060.00 

»2 

6*60 

0* 

»2 

8230 

00 

42 

923*. 0* 

39 

12200 

00 

26 

1971 

23*0 

00 

33 

2*00 

00 

35 

2*80 

00 

35 

2590.00 

3* 

3030.0* 

35 

4370.00 

3* 

4690 

00 

36 

5260 

00 

35 

5690.00 

30 

12600 

00 

27 

197? 

2200 

ot 

29 

2270 

00 

3ft 

2*60 

00 

33 

2630.00 

35 

26*0.00 

31 

3320.00 

30 

3630 

00 

29 

35*0 

00 

26 

***0.00 

28 

7610. 

00 

8 

1973 

2700 

00 

3( 

2770 

00 

34 

2960.00 

40 

3270.00 

•  0 

3*00.0* 

»2 

4660.00 

39 

5670 

0* 

39 

71*0 

Of 

40 

1*500.0* 

44 

19700. 

00 

42 

highest  km  oischmk.  u  en.  mo  mmuki.  for  the  Fou-auiB  man  of  qmsecutik  cuts  m  tem  emu*,  septdbu  x 


YC4.0 

1 

3 

7 

15 

30 

60 

90 

120 

183 

•NNUaL 

193* 

97200.0      5 

95300. 0      5 

89700.0 

• 

81*00.0 

3 

61200.0 

3 

*420*. 0 

3 

37608.0 

3 

31344.0 

3 

2*204.4 

9 

13900.0 

13 

1931 

188**.*  42 

1670*.*  63 

12900.0 

4* 

8350.0 

4* 

6050.0 

** 

•660.0 

** 

4274.4 

4* 

•450.0 

44 

3994.4 

4* 

3020. 0 

4* 

1932 

*700*. 0   29 

4*3*0.0   29) 

4*90*. 8 

30 

♦0200.0 

29 

3060*. 0 

30 

2*3*0.0 

28 

21444.0 

27 

18500.0 

27 

15204.4 

29 

97(0.0 

30 

1*33 

9*000.0       7 

8(4*0.*      7 

83308.0 

6 

69*0*.* 

5 

513**. 0 

6 

•2700.0 

5 

37700.4 

2 

31300.0 

4 

27604.4 

3 

15*00. a 

7 

193* 

19000.0    *1 

1(700. 0   41 

1700*. 0 

41 

1*500.0 

41 

11700. 0 

•1 

8290.0 

•  1 

6510.0 

*2 

5730.0 

42 

4720.0 

*2 

♦020. t 

41 

1935 

46500.0    31 

4630*.*   3* 

45600 .0 

29 

43000.0 

25 

32300.0 

27 

22100.0 

3* 

20400.0 

31 

18100.0 

29 

15744.4 

28 

10200.* 

28 

193* 

7*208.0    1* 

7620*.*    1* 

6*80*. 0 

13 

51000.* 

IT 

33700.0 

25 

2340*. 0 

29 

20406.8 

32 

16600.0 

33 

12*44.4 

34 

753(.e 

37 

1937 

76*00.0    12 

7590*. •    11 

74000.0 

10 

66000.0 

7 

51*0*. 0 

5 

3(700.0 

a 

30104.4 

11 

30300.0 

S 

25*44.0 

* 

16900.0 

4 

193* 

73700.0    13 

7350*. 0    13 

7210*. 0 

11 

(7100.0 

6 

559**.* 

« 

42500.0 

6 

33200.0 

a 

28600.0 

10 

2*944.0 

6 

155*0.0 

10 

1*3* 

1*1000.0      3 

966O0.0       3 

84800.0 

5 

62000.* 

10 

*740*.0 

11 

3*400.0 

9 

34304.4 

6 

28500.0 

11 

22004.4 

1* 

12900.0 

18 

19*0 

2*70*. •    3* 

2*2*0. (   3* 

27100.0 

19 

221*0.0 

39 

2*20*. a 

39 

14040.0 

H 

12344.4 

39 

11504.4 

39 

8974.4 

*a 

5*10.4 

40 

19*1 

15*0*. •    44 

14*00.8    44 

1460*. 0 

43 

117(0. • 

43 

(3(*.( 

•3 

611*.* 

»3 

(1*0.4 

43 

5544.4 

43 

•650.0 

•  3 

1324.4 

43 

19*2 

4*40*. •    3* 

4*20*. •   31 

•330*. 0 

31 

3 7900. 0 

32 

26600.0 

3* 

26644.4 

26 

24344.4 

23 

24344.4 

25 

16568. a 

25 

14644.4 

25 

19*3 

l**000.0       1 

179***. •      1 

156000.0 

1 

115000.0 

1 

77900. 0 

2 

45900.0 

2 

35844.0 

4 

29*00. a 

6 

24344.4 

7 

15744.4 

a 

1*** 

497*0.0    1* 

6*200.6     16 

63900.0 

16 

59(00.0 

13 

•4500.0 

13 

33400.0 

16 

27344.4 

16 

23*00.0 

21 

16*64.4 

2* 

9*24.4 

31 

19*5 

5UM.(   27 

50(((.(   27 

***«(. 0 

25 

42300.0 

27 

3)000.0 

29 

27144.4 

?» 

25644.4 

2? 

24000.0 

19 

1(4((.( 

21 

14*44.4 

27 

19*4 

3 f 600.0    3* 

37100.0    3* 

3*10*. 0 

3* 

32500.0 

3* 

2*100.0 

36 

21644.4 

35 

24944.4 

30 

18000.0 

31 

18144.0 

22 

12344.4 

28 

19*7 

52500.0   25 

51700.0    25 

4770*. 0 

27 

40200. 0 

30 

31*0*. 0 

26 

34744.4 

21 

26*44.0 

20 

22000.0 

23 

17944.4 

23 

14944.4 

23 

19** 

6900*. 0    17 

67400.0    17 

6350*. 0 

17 

53500.0 

16 

•860*. 0 

a 

34600.0 

13 

29204.4 

16 

24500.0 

17 

19244.4 

19 

11844.4 

21 

19*9 

71000.0    15 

70*00.*    14 

68200.0 

1* 

60700.0 

12 

5090*. 0 

7 

•3200.0 

* 

3*500.0 

5 

29504.0 

a 

23444.4 

12 

14344.4 

11 

1950 

12000*. 0      2 

116000.0      2 

110000.0 

2 

101000.0 

2 

83*00.0 

1 

68600.0 

1 

55600.0 

1 

52200.0 

l 

40000.0 

1 

2*994.0 

1 

1951 

7*40*. 0      * 

7(60*. 0      9 

74*06.0 

6 

61700.0 

11 

4*200.0 

15 

33500.0 

15 

29*00.0 

15 

27400.0 

13 

2*344.4 

8 

16*06.0 

5 

1952 

50600.0    2* 

49*00.0   2( 

•7000.0 

2* 

41500.0 

28 

3*700.0 

2* 

30900.0 

19 

29700.0 

12 

2S500.0 

12 

25*44.4 

5 

16644.0 

* 

1953 

36900.0    37 

36600. 0    36 

35*0*. 0 

35 

31400.0 

35 

2*704.0 

32 

22500.0 

33 

18800.0 

33 

16200.0 

3* 

13*44.4 

3* 

66*0.0 

3* 

195* 

17500.0   *3 

17000.0    42 

15600.0 

42 

12700.0 

42 

10500.0 

•2 

(150.0 

'2 

7430.0 

41 

6620.0 

41 

53*4.4 

•  1 

3590.0 

*2 

1955 

2*200.0    3* 

2(100.0    39 

27900.0 

38 

2*600.0 

38 

20500.0 

38 

16(00.0 

38 

14500.0 

3S 

13700.0 

38 

12144.0 

37 

8140.0 

35 

1956 

37400.0    3* 

36800.0    35 

3*700.0 

36 

30200.0 

36 

25800.0 

35 

19(00.0 

36 

16700.0 

36 

16900.0 

32 

1*300.0 

32 

10100.0 

29 

1957 

6*600.0    1* 

67000.0    18 

61300.0 

18 

50100.0 

19 

•3200.0 

16 

35300.0 

12 

32900.0 

9 

31900.0 

2 

2*100.4 

10 

13900.0 

14 

1956 

99609.0      * 

97600.0      6 

90000.0 

3 

72600.0 

4 

•8300.0 

9 

•1600.0 

7 

33200.0 

7 

26600.0 

14 

209(4.0 

16 

17100.0 

3 

1959 

92100.*      6 

88600.0      6 

80700.0 

7 

63200.0 

8 

•5*00.0 

14 

35600.0 

11 

31900.0 

10 

29600.0 

7 

22744.4 

13 

1*000. a 

12 

1966 

37500.0    35 

35900.0    37 

32700.0 

37 

26600.0 

37 

20800.0 

37 

16800.0 

37 

16200.0 

37 

15*00.0 

35 

1*844.4 

30 

10500.0 

26 

1941 

6*300.0    2* 

63300.0   20 

59600.0 

20 

57400.0 

15 

•7800.0 

10 

3*300.0 

1* 

29*00.0 

13 

25100.0 

16 

19244.0 

20 

10900.0 

24 

1962 

52900.0    2* 

52000.0    24 

***00.0 

24 

4290  0.0 

26 

35500.0 

22 

30700.0 

20 

27000.0 

19 

23500.0 

20 

19*00.0 

18 

13200.0 

16 

1963 

56000.0    22 

55000.0   22 

52100.0 

22 

4*000.0 

2» 

32900. 0 

26 

22600.0 

32 

17500.0 

3* 

1**00.0 

37 

10840.0 

3* 

6670.0 

38 

196* 

71100.0    1* 

69800.0    15 

4*400.0 

15 

50100.0 

20 

35900.0 

21 

27800.0 

23 

21500.0 

26 

18100.0 

30 

13600.0 

33 

7710.0 

36 

1965 

41200.0     33 

40700.0    33 

3*700.0 

33 

33700.0 

33 

28500.0 

33 

23000.0 

31 

21100.0 

28 

18700.0 

26 

1*800.0 

31 

88*0.0 

33 

19*6 

23*00.0   40 

23100.0   40 

22300.0 

40 

1(200.0 

40 

16500.0 

40 

12000.0 

•  0 

10500.0 

40 

9960.0 

40 

90*0.0 

39 

5960.0 

39 

1967 

62200.0   21 

61600.0    21 

59000.0 

21 

50500.0 

IS 

35000.0 

23 

2*600.0 

27 

22300.0 

25 

22700.0 

22 

21500.0 

15 

12600.0 

19 

1968 

76700.0    11 

75700.0    12 

70600.0 

12 

58900.0 

14 

•0800.0 

18 

33200.0 

17 

28600.0 

17 

25300.0 

15 

23500.0 

11 

15500.0 

<t 

1969 

60900.0      a 

79700.0       8 

7*200.0 

9 

63100.0 

9 

•7)00. 0 

12 

31000.0 

18 

26100.0 

21 

2*200.0 

18 

20200.0 

17 

13*00.0 

15 

1970 

67100.0     19 

65600.0    19 

60500.0 

19 

49300.0 

21 

37300.0 

19 

28800.0 

22 

23500.0 

24 

21300.0 

24 

17300.0 

2* 

12900.0 

17 

1971 

45400.0    32 

4*900.0    32 

•3000.0 

32 

38200.0 

31 

30200.0 

31 

23200.0 

30 

17*00.0 

35 

15300.0 

36 

12800.0 

)S 

9oao.o 

32 

1972 

53700.0    23 

53100.0    23 

50700.0 

23 

*5*00.0 

22 

37200.0 

20 

26000.0 

25 

21100.0 

29 

18200.0 

28 

16*00.0 

27 

11200.0 

22 

1973 

51600.0    26 

51000.0    26 

••300.0 

26 

45000.0 

23 

•1600.0 

17 

36700.0 

10 

29*00.0 

14 

29300.0 

<J 

29300.0 

2 

21300.0 

2 
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APPENDIX  D-1    (CONTINUED) 


STATISTICS    CM    MOMML    MOMTHIT    MEMSIAIL    OAYSI 


■  T    «OKS<MEM,«AillANCt.SMMOUD    OEMATIONt    SUtfNESSt    COtff.    Of  VA*  IATIOM,F>(J)CENTASE    OF    AVEH46E    FIOHI 

0.43076*04    0.6i2«E*04    0.»*47E*O4    0.15O3E*O5    0.1447E»O3    0.1*4*6*03    0.210*6*05    0.177*6*05    0.1217(409    0.**5SE*O*    0. 5024(404  0.34*76*0* 

0.1U1(*C*    0.S041HCI    0.444*6*0*   0.273JE*O4    0.17936*04   0.9*026*0*    0.12956*04   0.19096*04   0.579O£»0*   0.49*76*0*    0.15246*0*  0.53406*0? 

0.3329EK4    0.9933**04    0.11444*0*    0.14336*05    0.13*06*05    0.99016*0*    0.113*6*05    0.1227E»O5    0.74046*04   0.70*26*0*    0.390*6*04  0.2JllE*0* 

0.2037E*01    0.24*46*01    0.16*4E*>31    0.22116*01   0.114*6*01    0.350*6*00   0.55344*00    0.20**t»01    0.17136*01    0.23*lE*Ol    0.1IME401  0.24706*01 

0.17296*00   0.tl*44*00  0.9204(400  0.11008*01   I.HUUN  0.9217(400  0.5*106*00  0.44146*00  0.62506*00  O.U9«*N  0.776.E*00  0.426*6*00 

0.31126*01   0.4900(441  0.6*07t*Ol  0.10*4(402   0.120+6*02  0.1371(402  0.1920(402  0.12*26*02   0..7976*0l   0.4254E*01   0.3434E*01  0.264-4(401 


STATISTICS    091    M09JUL    IMMUIL    MEANSIAU.    OATS) 


STATISTICS  OM  LOS  M0MTM.T  MEAHSIAll.  OATSI 


•T    •OkS<>EA»,<rA*IAaCEtSTAN!)A*B    DtVIATIONt    SUMNESS*    COtff.    Of   TACIATIOM.PtftUMTAtt    Of  AVEHASE    FICWt 

0.33*06».Jl    0.3471E*01  0.379CE»01    0.39596*01    0»*04*6»01   0.42054*01    0.4294E*01    0.*1426*01    0.40076*01  0.3*316*01    0.3*1*6*01    0.3904(401 

0.T42U-0I    0.1032E*00  0.1407E*00    0.20136*00    O.IS55**0*    0.77**6-0l    0.44176-01    9.74476-01    0.7S74C-01  0.92046-01    0.4*476-01    0.44476-01 

0.27*16*00  0.32121*00  0.3791(400  0.44*4(400  0.3444O6S  0.27906*00   0.23726*00  *. 212*6*00  0.27326*00  0.3035**00  0.254*6*40  0.21*7**00 

0.5*3  71*00    0. 3*956*00  0.14*16*410  0.41276-01-0.24 796*00-0. A3«4**0O-0.2*49€ 1 00   0.  2243*>00-0.*433(*00  0.111*6*00    0.470*6*00    0.54536*O« 

0.7744E-C1    C.1H1E-01  l.!l«HI    0.11336*00    0.94956-01    0.44356-01    0.60*76-01    0.474*6-01    0.4*4*6-01  0.79226-01    0.71526-0.     0.41776-01 

0.71*4(401  0.71756*01  0.J130C-401  0.****E*01   0.17271*01   0.90216*01   0.4124E**!  0.9924(401  0.45946*01  0.421*6*01   0. 7742(401   0.7527(401 


statistics  on  loc  amuah.  mmsiail  oatsi 


1413 

255400 

1414 

38*M 

1419 

253** 

1414 

»72*« 

1417 

41600 

1419 

479M 

1414 

43*09 

1429 

402*9 

1421 

4044* 

142! 

m«* 

1423 

us** 

1424 

5250* 

1*25 

5«*0* 

142* 

5450* 

1427 

74000 

1420 

555** 

1924 

*14«* 

143* 

972M 

1931 

I  MOO 

1432 

470** 

1933 

91*0* 

1934 

140*0 

1935 

4*500 

193* 

7M00 

1937 

745** 

193* 

7370* 

1934 

102000 

1940 

24400 

1441 

1«200 

1442 

4710* 

14*3 

1*400* 

1*44 

704*0 

1*»5 

51104 

1444 

37400 

1447 

53000 

144* 

7150* 

144* 

710*0 

1450 

120000 

1451 

7*4** 

1452 

5120* 

1453 

3720* 

1454 

1*00* 

1455 

2*20* 

1454 

37400 

1457 

6440* 

1951 

49*0* 

1454 

970*0 

144* 

3*000 

1441 

44*00 

1442 

530*0 

1443 

5*300 

1444 

71400 

1445 

41500 

1444 

24200 

1447 

42300 

144* 

77200 

1449 

aiooo 

1*70 

47700 

1*71 

45500 

1972 

54000 

1973 

52000 
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APPENDIX  D-2.    STATISTICAL  STREAM  FLOW  DATA  FOR  THE  WHITE  RIVER  (10). 

maam  ua  im  ■>  m«i>»i,  ho. 

IOCOTOK.-U4:  «•»■»•,  loa*  17'17-jj-,  la  SIM  acll,  T.l  ».,  LI  »..  Plka  Court,  an  Uft  bomk  MO  ft  (91  ■)  tamnwi  froa 
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OIHATIO    TABU    L»    UAIIV    DISH-ARGE    HI*    TEH    ENOINS    5EP7EAMA    30 
tun  .      1      2      3      ♦      3      »      I       i      <    1L    11    11    13    1«    1)   It    17    11   If   20   21    22    23  2*   23   24    27   20   2*   30   31    32   33   3* 


35    24    1*    31 


mjohep  OF  mi   in  Class 

21  19    1*    22    16  22  16  13    17    22    21  19  16    IT    11    12  10   13       I 
11   12    It    13    lb  16  IT  11    16    13    It)  12  9    II     10    12  1      3      2 

22  21    13    12    10  12  0  13       3      6      » 
it    21    22    13    20  2b  22  32    23    2U    It  13  14    14      •      4  Z      3      > 

3    19    13       6    IT    21    13    13    11       7  13  19  19    13    19    22  13  13    II    IT    20  13    13    10 

4  21    44    14    76    23    43    21    26    Is    17  10  II  6      7      2       2  2  3 
1    27    24    13    17    23    23    33    16    13    23    U  6  19  16    13    13    11  12  3    10      •    11  4 

1    29    19    32    2u    22    23    13   27    23    12    12    16    11  12  2U  11       9      7      3  3  •    13      T 

3       3       2            14   .0    42    19    13    I-    24  21  20  23      9    14    10  16  13    IT      *      4  4 

1      5    15    31    12    31    32    23  19  19  19    13   22    21  12  13   19  12   11  9     *     a 

4C    13    16    21    10    22    13    11    31    ij  21  14  6    12    14      T  7  10    11    10     7  13      4      4      3      3 

13       3    <*    42       9       7    11      9    34    11      I    12    20  ill  10  2    10    14    10  13      12  2      2      4      1 

2C    14    21    39    33    33    52    34    14    23      9       7      3      4  4  1  2       1       1       3  3 

3      2       1       1       7       4    14    16    22    4b  26    34    14    15  13  17  23    13    21      9  4  13    14    14      2  2      4 

19    21       7    It    12      7    17    16    22    2(    32  23  22  17    13    23    11  14  4      2      4      4  4      3      •      4      4 

39    64    3j    3s    22    11    13      9      I      1       j  I  I  13      9    19      7  4  3       7      3      4  3       1      2      J      2 

9    22    32    23       .    IS    20    14      6    la    22      9    17  7  10  12    16    12    11  *  10    17    11      9  9    11       9      9      9 

6    13       J      6      5    10    11    15    29    32    26  32  20  11    12    26    30  14  16    16    16      •  2 

2       6    IS       '>              »    19      6    24    15    27    29    23  16  13  17    21    14    11  3  13    23    14    11  4    14 

9    64    41    15    33   40    14    11       9  4  13  IT    20    12    11  12  13       3      3      4  1       0      5      2 

9      9      7      9      4   22    24   27   22    U    15  20  22  13   20   24    19  9  4    21 

13       7    it    34    15    14    15    lu  II  II  II    12    33    23  23  11       5 

3       5    13    14      I    22    13    13    21    27  13  19  14    21    14    If  13  19    27    21      T  10    13 

5  16    1.    16    22    16    16       9      6    IT    IT  11  13  II    12    22    17  20  11    22    24    12  I    11 
a    a*   24    13   21.    16  II  16  14   27   22    12  I  I    11      3     2 

24    29    16    10    II       7  13  11  9      4 

lo    19    11    14    la    22  23  22  II    19      9    13  7  I    12    10      4  1 


2     9     2)242 


2    29    3B    14    14 
5    22    95    fl    22       4       0 

2       9      6    ,1     i|     II    19 


lb    13    4b    16    21    16    27    22    24    23  25    14    II    19    20  23  14  9 

4   20   21    16    19    13      9   29   20   2C  14  23    16   13   23  10  6  9 

15    12       6      3      9    15    27    33    21    21  27    34    19    II    21  17  17  10 

II    19    43    21    II    26    21    13    13    21  34    29    23    12    11  1)  4  4 

.5    IS    3u    13    IS    17    16    34    24    27  13    24   21      9    12  3  4  9 


3      1 


14      9      2      2 


1    34    e4    .5  11  32    11    lb  13    11  9      4    12    12  14  I 

19    19       5  14  26    21    33  22    32  24  29    14    14  14  9 

2    11       9    11    a)  77  49    17    13  12    17  10      5    12       7  13  2 

53    24    14    23    24  7  lb   22      4  12       5  1      T      5      I  11  10 

21       7    13    20    29  II  23    12    23  29    27  10    12    19    12  10  9 


2     2     12 


1*143    10     2) 
4943)4944 


11    14      4      ) 


2    20    36    61    34    41    IT    IT    10    19    11    15    15      9    13    12  3      4    13 

31    14    13    It    2b    21    lb      3    , I     la    13    II    12    21    24    1*  11    19    14    10      4 

7      4    21    21    13    13    10      9    33    14    12    II    24   21    23    24  lb    19    10      4      4 

24    23      4    11    IS    14    17    36    23    24    12    23    33    17  9      7    14   II    II 

3    IS    14    15    31    19    21    21    23    21    2U    13    21   23    14  14    22    20      4      2 


9      7      2      2      1 
9      2      2      3) 


4       7    27    35    43    24 

19   40    II    26    2b    23 

13   2a   lb 


27  24  32  14  23  24  10  14  3  4  22  )  4  2 
3  3b  12  20  33  II  13  23  24  9  4  I  2  1 
I     7      I    14   22    33  21  24   34   22   32    27   14   19 
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31747*0.0 
4570720.0 

1149990.0 
44*2*30.0 

7323130.0 
1337130.0 
3134230.0 

21714*9.0 
4344124.0 
5944*00.0 
4417190.0 
2220314.0 

7*0501.0 
94*2449.0 
44)3420.0 
2114440.0 
9S2M1U* 

4340T**.* 
4*720*2.0 
344*230.0 
43323*0.* 
•M  7)00.0 


342)700.0 

2719234.0 
993414.0 
2929*2*.* 

4944*40.0 
4*551*0.* 
4021970.0 
4904)00.0 

33*1340.0 

66*7100.0 

900)970.0 
32420*0.0 
2955444.* 

21M  2220.0 

4*417*0.4 
441194*.  * 
4191  **<.* 

2)91 7400.0 

9222520.0 
9T04O1*.* 
44*47*0.* 
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ISb. 
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CLASS      CFS         70141    ACCU4    >EKT  CLASS      C«S         tOTAl    ACCUT4    MK7  a  ASS      CM         TDTA1    ACCLM    *«aXT 


23bO.Ob  194    123*1       73.3 

27bb.0b       12  »    11313 


II        11000.0        702      4*42      30.) 
1*         13000. S        111      42*0      24.0 


749 

10311 

63 

2 

20 

16C00.C 

617 

344* 

21.1 

7.1 

S432 

51 

6 

21 

19000.0 

434 

2152 

17.4 

824 

0863 

54 

1 

22 

22b00.0 

4*0 

2411 

14.7 

014 

8w61 

49 

0 

23 

26000.0 

364 

1421 

11.7 

74| 

7747 

44 

1 

24 

32000.0 

3  73 

1344 

1.3 

7  7. 

4506 

39 

25 

34003.3 

262 

9*1 

6.0 

79u 

5732 

14 

s 

26 

45000. 0 

117 

72* 

4.4 

239         W2         1*>J 


Lowts?  xi.m  oi  so-j^r;* ,   ,« 
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1 

14 

10 

60 

40 

120 

1*3 

A4JW4A, 

122  ».bb    24 

Ub. 

.'-■ 

2o 

142. 

.. 

27 

144..b> 

.7 

171b. C. 

1. 

2470.00 

34 

2*30.00 

3* 

3720.00 

34 

3140.00 

13 

I24OO.00 

JO 

1J'..         21 

1... 

4- 

!* 

1st. 

lb 

29 

14a.. .0 

26 

Ujj.,1 

29 

214U.00 

11 

2640.00 

34 

3320.00 

33 

4370.00 

40 

1*000.00 

4) 

'15..,        3 

191 

cc 

7 

541 

01 

s 

4*0.  b'> 

9 

38  2 . re 

9 

918.00 

a 

9*7 .00 

5 

1020.00 

4 

1040.00 

1 

27)0.00 

1 

••■4.  j,    13 

u  ro 

bC 

17 

HI. 

'.'b 

17 

iI5o. r. 

19 

l440.bC 

2  4 

269U.00 

16 

2340.00 

33 

2760.00 

30 

34)0.00 

21 

11400.00 

2* 

17.1b...     13 

i..t 

<2i 

Is 

2CU 

Lfc 

*  1 

229b.  b. 

»1 

3160.00 

-2 

4  373.00 

44 

52*41.00 

43 

3340.00 

42 

3*40.00 

14 

14*00.00 

1) 

1  .'.... .     26 

lib. 

v  ^ 

2  5 

lie. 

r.". 

23 

141  J.  bb 

2  5 

lbS..bb 

.3 

1710.00 

24 

1910.00 

20 

1140.00 

17 

2330.00 

16 

10400.00 

2) 

S1...V     14 

n  r. 

bb 

I? 

94, 

12 

lb*b. bJ 

12 

109U.O0 

13 

1260.00 

13 

1330.00 

13 

1730.00 

13 

2100.00 

12 

4740.00 

> 

S.     .    •      12 

94b 

bC 

12 

999 

,.- 

11 

1132.  2. 

16 

1330. CO 

2  2 

1610.00 

22 

2170.00 

27 

233O.00 

23 

2*20.00 

11 

9210.0* 

14 

.Oo.b.        5 

t»3 

Jo 

5 

-.s.' 

j. 

5 

72  7.  JU 

5 

•  11.  bO 

3 

863.00 

2 

1010.00 

4 

1170.00 

1 

2340.00 

15 

192OO.0O 

ir 

<-'.'-..bl.    42 

231'- 

42 

.5JO 

4  1 

2  7S.J... 

•1 

1310. 00 

45 

42641.00 

•  2 

4420.00 

41 

4310.00 

40 

5370.00 

36 

12604.00 
13400.00 

2* 

173.  .  ■       25 

US 

, . 

2. 

12  72 

-v 

24 

129,.,. 

,. 

1331. CC 

2U 

1310.00 

21 

2070.00 

25 

2330.00 

24 

3*40.00 

29 

31 

i       ..        11 

»J  1 

•b'.' 

11 

9.   1 

ci 

11 

S5S..0 

11 

Iblj.iO 

lb 

1070.00 

10 

1110.00 

9 

1140.00 

7 

1*30.00 

9 

7420.00 

1* 

105 
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19.1 

is*; 

19*j 
19.* 
19*3 

576.00 
573.  90 

1CB0.-30 
1000.00 
7*1. CO 

2 
1 

ie 

16 
1 

5(9.00 
586. CO 
1CSL.CC 
1020.00 
755). CC 

2 
1 

18 
15 

6 

6CG.eC      2 

598.20       1 
1  llw.CC     18 
1040.00    15 

769.00      6 

616.  Ow 
660.30 
113<J. UO 
1073.00 
797. JO 

1 
2 
17 
14 

650 
876 
1180 
1113 
854 

.00 
.CO 
..0 
.00 
.CO 

1 
8 

15 
14 
6 

710 
964 
1440 
1320 
1050 

.00 
00 
.00 
.00 
.00 

1 
7 
1/ 
14 
9 

612.00      1 
1120.00    10 
1910.00    21 
1310.90    11 
1100.00       6 

905.00 
1290.00 
2290.00 
1470.90 
1300.00 

1 
9 
22 
11 
10 

1120.00      2 
2090.00    11 
4250.00   31 
1*60.00      6 
1650.00      * 

4940.00 
6370.00 

10900.00 
6720.00 

11300.00 

4 
3 
24 
1* 
26 

1946 
19*7 

is*a 

ISwS 
195C 

1690. CO 
756. CO 
l'ao.OO 

; i ;. .jo 
i/jc.wo 

37 

1 
3* 
19 
38 

1720.00 
8C3.00 
16CC.C0 
Ulu.UO 
1  78C.C0 

37 

9 
34 

19 
38 

191c. 00    37 
895.00    10 
1660.00    34 

1130.00    19 
1790. CO    36 

1980.00 

954.00 
1700.00 
1190.00 

166O.0W 

38 
10 
35 
22 
36 

2120 
1050 
1910 
1380 
21/0 

.00 
.00 
.CC 
.00 
.uO 

37 
11 
31 
23 
39 

3430 
1210 
1610 
1630 
2960 

.00 
.00 
.00 
.00 
.CO 

40 
11 
25 

23 
39 

5090.00   62 
1930.00    12 
19  20.00    22 
1940.00    23 
1360.00    3* 

6630.00 
2020.00 
22*0.00 
3530.00 
3640.00 

44 
14 
21 
34 
33 

6300.00   63 
3020.00  22 
3510.00  26 
6300.00    32 
4400.00    33 

15400.00 
6150.00 
13100.00 
19400.00 
19700.00 

19 

11 
31 

44 
44 

1951 
1S52 
1953 
195*. 
1955 

2400.00 

112C.JC 
1140.00 
777.00 

itC.CJ 

21 

22 
9 

24'C.oO 
1I2C0W 
UtC.oC 
784.00 
66U0O 

»3 
21 
22 

8 
3 

2510. CO    62 
1130. Co    20 
1170.00    22 
799.00       7 
874.0C      3 

26C0.0C 
11 80.0c 
1190.00 
808.  00 
697.W0 

«2 
20 
21 

7 
3 

28/0 
12/3 
1210 
916 
840 

.00 
.00 
.00 
.00 
.OC 

41 
19 
17 
4 
3 

»290 
1520 
1340 
664 
964 

.00 
.00 
.00 
.Co 
.00 

43 

18 
15 
3 
6 

3690.00    46 
1690.00    19 
1*20  .00    1* 
939.00      3 
1020.00      7 

5200.00 
26*0.00 
1730.00 
992.00 
1110.00 

41 
26 

14 

3 
6 

7430.00    42 
4240.00    30 
2270.00    11 
1310.00      5 

1140.00       3 

16900.00 
1530O.OO 
6110.00 
4590.00 
6*40.00 

42 
34 

13 

2 
6 

1956 
1957 
1958 
1959 
1960 

ICuy.jn 
990.00 
IS10.00 
ICO 3.  00 
1*00.11. 

17 
15 
•  1 
«5 
29 

1020.00 

44...  00 
1910.00 

)0cC.0o 
14CC.00 

16 
14 
41 
45 
27 

10  50..0     16 
13wy.Cw   14 
19(0. CO    60 
3000.00    65 
1420.00  26 

1090 
lw50 
2C70 
30  70 
1590 

.00 
.Cw 
.00 
.wo 

.0. 

15 
13 
40 
45 
31 

1250.00 
109o.OO 
2  320.00 
3330.00 
1930.00 

16 
12 
40 
44 
33 

1850 
1260 
2660 
4  770 
2260 

.00 
.00 
.CO 
.00 
.00 

27 
12 
37 
45 
33 

3010.00   37 
1*10.00    1* 
3020.00    3* 
97(0.00  49 
2*50.00    31 

3770.00 
19*0.00 
6270.00 
70*0.00 
27*0.00 

37 
16 
14 
49 
31 

4730.00    3* 

29*0.00    19 
10300.90    44 
10700.90    49 

3420.00    23 

10900.00 
8290.90 
17900.00 
16000.90 
6*00.00 

21 
12 

60 
61 
16 

1941 
1962 
196  3 
196* 
1965 

1:50. OC 

15.0.00 

1900.00 
67C.0O 

7*5.00 

27 
33 

40 
6 
1C 

i»ca.cc 

1540. M 
19C0.O0 
677.00 
8(9. CO 

28 

33 

40 
4 
10 

14*0.00     28 

15*— or    32 
1930.00    39 
690.. 0      * 
915.0G      • 

1660.00 
1560.be 
2050.00 
703.00 
625.00 

26 
31 
39 
4 
8 

1454V.00 
160.00 
2160.00 
799.00 
673.00 

26 
27 
36 

2 
7 

1520 
1620 
24C0 
6  79 
912 

.00 
.03 
.00 
.00 
.00 

19 
26 
34 

4 
9 

1*20.00  IT 
2940.00    2* 
2400.00    30 
660.00      2 
974.00      * 

1*70.00 
2400.00 
29*0.00 

9*6.00 
10*0.00 

13 
23 
27 

2 

3 

1*00.00  io 

3470.00    27 
29*0.00    20 
12*0.00      4 
1*00.00      7 

9190.00 

14900.00 
6650.00 

7140.00 
6720.00 

20 
1* 

17 

* 
19 

1S66 
1967 

196a 

1969 
1971 

184*.  OC 
UK. 00 
1100.00 
1620.90 
2650.00 

36 
23 

20 
35 
4* 

168C.00 
1170. CO 

1110. oc 
1644.0C 
2520. Co 

36 
23 

20 
35 

44 

1990.00    39 
1190.41!    23 
1130. CO    21 
16*0.0L    39 
27CO. CO    44 

1910.00 
1220.OO 
1140.00 
1660.00 
2950.00 

37 
23 

18 
34 
44 

20Co.cC 
1350.00 
1200.00 
1760.00 
3260.00 

36 
21 
16 
32 
43 

2220 
152c 

1420 
2010 
1790 

.00 
.00 

.00 

.00 
.00 

32 
20 
16 
24 
41 

236O.0O   29 

1560.00    1* 
15*0.00   IS 
2500.00    33 
4350.00  40 

2T3O.0O 
1*40.99 
1730.00 
4110.00 
6290.90 

29 
12 
14 
36 

43 

10*0.00   21 
2290.00    14 
2790.00    IT 
9900.00    37 

4440.00    41 

7140.00 
9010.00 
10600.00 
15500.00 
11409.00 

9 
16 
22 
37 
27 

1971 
1972 
1973 

1*10. CO 
14*0.00 
1*30. CO 

3C 
32 
31 

147C. CC 
1460. CO 
14SC.0C 

31 
3w 
32 

K30.C.   33 
1470.00    30 
15*0. OC    31 

1690.  CO 
1510.30 
1670.00 

32 
29 
33 

172U 

1630 
168C 

.00 

.00 
.00 

31 
28 

34 

203o 
1970 
2430 

.00 
.00 
.00 

30 
26 

39 

229O.0O    2* 
2120.90   2* 
2920.00   39 

2930.00 

21*0.00 
3390.00 

28 
29 
31 

29)00.00 
1330.00 

9730.00 

21 
!* 
3* 

10900.00 
4920.00 
15*00.00 

29 
7 
36 

MlSMfcSI     6E4N 

;ischh«, 

Ik  CfSi    CU 

6N61M6* 

K)«    7NE    FClLOKIkS    WME> 

OF    CLWitCLTIUrt    0*93     l«    TtA* 

iccic*  sfrrcRoa  30 

1929 
193U 

1 
73100.0    22 
134ww0*3      J 

7253C 

I29C0C 

3 
0 

7 
22         70300.3 

4        1140.-O.0 

20 

4 

15 
600CU.0 
44300.0 

1* 

3 

30 

40600.0 
635O0.J 

23 

4 

60 
32000. 0 
4*600.0 

20 

* 

90 
30900.0 
31*00.0 

120 
1*      29000.0 
*       31400. 0 

12 

6 

1(1 

2*900.0 
229O0.0 

4 
12 

8*111)11 
1*100.0 
12900.0 

6 
19 

1931 
1932 
1933 
1934 
1935 

1W.0. 
8*00*. 
114000. 
2S2oO. 
4BCC3. 

0     64 
C     16 
0      5 
0    »2 
0    35 

18200.O 
82  30U.C 
112CC0.C 
24500.C 
475CC.C 

44         16200.0 
16         79700.0 
!      1C2C0O.0 
42        2130(1.0 
35         434OC..0 

44 
16 
6 

42 
35 

13300.0 
695 CO. C 
76600. 0 

15OCC.0 
42200.0 

43 
9 

6 
42 
30 

99*0.0 

521OC.0 
52700.0 
109OO.0 

32100.0 

43 

9 
6 
42 
32 

79*0.0 
39600.0 
» 9*00.0 

6*30.0 
22900.0 

43 
11 
4 
42 
14 

4290.0 
11200.0 
4*300.0 

4440.0 
21300  .0 

43         9370 

19      2*100 
4       39300 
42        5730 
3*      19200 

0 
0 
.0 
0 
0 

63 

13 
3 
42 
32 

6*60.0 
20*00.0 
15400.0 

46*04  0 
14*00.0 

43 

19 
2 
42 
32 

1140.0 
12600.0 
20*00.9 

3*70.0 

6*40.0 

41 

1* 
2 
42 
11 

1936 
193  7 
1938 
19  39 
19*0 

376CC.0    40 
1920OC.0       1 

710C0.0   23 
IC2CC0.C      9 

774O0.0    19 

36400 
179CO0 

6S3O0 
58*410 
75900 

0 

.0 
0 
.0 

44          3270O.0 
1       16SC0O.O 

23         59600.0 
9          8/900. 0 

19         70/ocwO 

40         2  7*00.0 
1      14*000. 0 

25         9630O.0 
9        6*200.0 

19         54500.0 

40 

1     1 
23 
13 
24 

26000. 0 
(0000. 0 
53000.0 

42  3  wo.  0 
35900.0 

39 

1 
7 
20 
29 

20*00.0 
62100.0 
60700.0 
3*900.0 

21200.0 

39 

2 
9 
4 
3* 

1*900.0 
4*909.9 
31300.0 
37000.9 

17400  J 

1*      13700 
3      39000 

12      27900 
7      30400 

36      1*000 

0 
.0 
.0 

0 
.0 

40 
4 

11 
4 

16 

10100.0 
29*00.0 
22200.0 
22700.0 
11000.0 

40 
4 
15 
13 
14 

3930.0 
17400.0 

14*00.9 
12*00.0 
4O7O.0 

41 
4 
1* 
11 
1* 

19*1 
l'Hi 
1943 
194* 
19*5 

2CICC. 
59300. 
574(0. 

10  50(0. 

C    «3 

0    30 
0    11 

(      14 

a    a 

2C2C3.3 
5740C.C 
4360C.0 
9C50C.C 
1(2090.1 

43         19200.0 
29         522  CUO 
11         92100.3 
14         612CO.O 
<         4*7(C.w 

43 

3C 
12 
13 

7 

12600. u 
36*00.0 
6*900.0 
616OO.0 
766C0.0 

44 
34 

10 

16 

7 

80*0.0 
273OO.0 
49OO0.0 
66500.0 
5*700.0 

49 

39 

19 
14 

6 

49OO.0 
24700.0 
26200.0 
314OC.0 
49500. 0 

45 

31 
25 

22 

5 

44*0.0 
22400.0 
31200.0 
24900.0 
39900.0 

69         3790 
30      19309 
11      29*00 
29      20100 
9      31*00 

.0 
.9 
0 
9 
.9 

49 

31 
17 
26 
9 

3190.0 

1*500.9 
20900.0 
139O0.0 
29100.0 

49 
26 

16 
35 

9 

21*0.0 
1(100.* 
12103.0 

7700.0 
13(00.0 

49 
2( 
221 
11 
11 

19*6 
19*7 
19*6 
19*9 
193v 

45CCG. 
6O2O0. 
192CC. 

MCwCo. 
136(03. 

c    3» 

a  28 

0    21 
6        6 
0       2 

I1KC 
594O0 
72  6CC 
1C90CO 
136UM 

.c 
.0 

.c 

38         4u30C.Q 
29         56600.0 

21          63*00. 0 
6       1040(0.0 

i       129C0C.0 

39         31200.0 
27         49200.0 
2*         5O64-C.0 
5         9350O.0 
2       U9O0O.0 

36 
29 

23 

4 

2 

24200 .0 
60900. 0 
46200.0 
793d. 0 
93500.0 

36 

21 
13 
3 

2 

22200.0 
36200.0 
31500. 0 
57200.0 
77400.0 

35 

13 
21 
1 

1 

21400.0 
32390.9 
29500.9 

47300.0 

61100  J) 

31      16900.0 
1*      26109.9 
22      20600.0 
2      41100.0 
1       933O0.O 

31 

16 
2* 
2 

1 

17500.0 
22*00.0 
1*000.0 
30100.  0 

19700  J) 

24 
14 
30 
3 

1 

12000.0 
13300.0 

49*0.0 
17*00.0 
22(00.0 

21 

14 

10 
9 

1 

1951 
1952 
195  3 
195. 
1955 

ili.C.    24 
7630.'. 3    20 
«((tC.  C    39 
12  3oO.C    45 
43400.0    3  7 

toCCC 
/.Owe 
3890P 
U9Cc 

****c 

A 

2*         656  Cu.  i 
20         677CC.0 
39          )92(C.3 
.5         10900.0 
>1           416(41.0 

22 
21 

39 
«5 
37 

56*0  CO 
57300.0 
2  7600.0 
1C2O0.O 
35500.0 

22 
20 
19 
45 
36 

39600.0 
40500.0 
23600.0 
9050. 0 
33200.0 

24 
22 
40 
44 
30 

34900.0 
3*200.0 
16*00.0 
7140.1 
24*00. 0 

19 
15 
40 

44 

30 

31900.0 
33900.0 

17*00.0 
6010.0 
20900.0 

11      30290.0 
9      31300.0 
37       15100.0 
4*         5330.9 
3*      17900.0 

10 
7 
37 
44 
3* 

27*00.0 
2*200.0 
12500.0 
6230.0 

13*00.0 

3 
7 
36 
44 
3* 

1*600.0 
15609.0 
7440.0 
2*20.0 
(020.0 

7 
9 
3* 
44 
19 

1956 
195  7 
1950 
1959 
1960 

61000. 
A6LO0. 
SC2iC. 
97530. 
579lw. 

C    29 
C     17 

C     15 

I    to 

o    31 

i/2(c 
(2wow 

935VC 
5  5  70c 

; 

3t         459CC.0 
17         732uO.O 
15          793  Cw.  0 
12         311C0.C 
32         SlcOO.O 

34 

17 
15 
l« 
32 

390WO.O 
56SC3.0 
6570O.O 
595  JO.  0 
39 103. 0 

33 

21 
12 
14 
32 

32500.0 
39200.0 
4390C.0 
486OO.0 
26200.0 

31 

26 
16 
12 
17 

2*600.0 
13500.0 
294)00.0 
37000.0 
16*00.0 

29 
14 
23 
14 
19 

23700.0 
31200.9 

249OO.0 
29*00.3 
19*00.0 

2*      21200.0 
14      29000.9 
2*      23*00.0 
16      23209.9 
40       14400.0 

2* 
11 
21 
19 
19 

1*200.0 

23100.9 
16900.0 
19*00.0 
1*000.0 

23 
11 
22 
20 
31 

12400.0 

13300.9 
1*300.0 
12300.9 
9790.0 

20 

19 
• 
21 
29 

1961 
1962 
1963 
196. 
19*5 

1320PC. 

55ww0. 

»25<  C. 
Iw&oJO. 

»751C. 

0       1 

0  33 
C    11 
C       7 

1  36 

129(1 C 
5»7vw 
HICO 

I3*00w 
465C. 

.0 

.( 

.1 

.( 

3       119CwC.il 
33         52100. J 
It          71*Cw.J 

7         924uo.o 
36         4*3.0.0 

3 

31 
16 
8 
36 

•97CC.0 
43200.0 

61/oo.C 

7UoO.O 
32400.0 

5 
29 
15 

8 
37 

6010C.O 
36800. J 
51200.0 
452C0.0 
2  790C.O 

5 

26 
11 
14 
34 

42*00.0 
27200.0 
33100.0 
39*00.0 

21000.0 

7 
27 
14 
10 
17 

39400.9 
25400.0 
24*00.9 
29300.9 

21700. 0 

3      32700.0 
21      21400.0 
27       19900.0 
19      23700.0 
32       16000.0 

* 
23 
29 
20 
34 

21200.0 

1*900.0 
1*100.0 
1*700.0 
11*00.0 

10 
24 
34 
27 
37 

12*00.0 

19409.9 
6230.0 
6410.9 
7620.0 

1* 
2* 
3* 
31 
9* 

196* 
196/ 
19C 
1919 
1970 

61*40. 

96.  .i  . 
946-V. 

■12fC. 

0    *l 
0    27 
o    U 
U     13 
w     34 

JllCo.c 
6C61V.U 
5.2-iO.C 
'.  2900.0 

Sued 

41         2990C.C 
27         568w0.w 
10         644c*. 0 
13         84900.0 

34         46100. 0 

*1 
.9 
11 
10 
33 

232(0.0 

416  .w.C 

620*  3.( 

66600.0 
359wJ.C 

41 
31 
14 
11 
35 

lairo.o 

294  30.0 
396OC.0 
519OO.0 
266OC.0 

41 
33 
23 
10 
36 

12700. 0 
2  3600.0 
27700.0 
33200. 0 
23600.0 

41 
33 

24 
17 
12 

126OO.0 
22700.0 
2*509.9 
27100.0 
22000.0 

41       11900.0 
24       19900.0 
21       23100.0 
20      29*00.0 
31       20900.0 

41 
30 
22 
1* 
25 

9640.0 
19000.0 
214O0.0 
20600.0 
1*900.0 

41 
21 
It 
17 
2* 

6000.0 
11100.0 
13*00.0 
13*00.0 
10700.9 

4* 
24 
12 
13 
23 

1971 
IS  7* 

1S73 

c33oO. 
6u9.c. 
5780-. 

0    26 
C    25 

:  a 

►  26ww 
56*(C 

.0 
.0 

2o         591O0.0 

25            646W4..0 

31         5j70w.O 

26 
2  3 

2  9 

49600.0 
61030. C 
49600.0 

27 
17 
24 

3/2.C.O 
43234.0 
43800.0 

27 

19 
17 

26800.0 
29300.0 
36300.0 

29 
24 
12 

20600.0 
24900.0 
29900.0 

33      17600. 

26       20/00 
17      2*900 

0 
0 
9 

33 
27 
14 

14300.0 
17100.0 
23*00.0 

33 

25 

8 

6630.0 

10100.0 
17600.0 

32 
27 
3 
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APPENDIX  D-2    (CONTINUED) 


STATISTICS    ON   NOBNAL    <0«IH.>    <1«1<I.L    OATS) 


BT    R0WS(NEAN.VAB1ANCE*STAM0A90    OEV1ATION.    SKEMNCSS*    COffF.    OF    /AB  M II  ON.PE  GCENTAGE    OF  AVERAGE    FLO*) 

0.2452E-04    O.S197E-0*    0.89»9£-0»    0.1792E-05    0.181ZE.05    0.2213E-OS  0.2159E-OS  0.1621E-0S  0.1021E-OS  0.6841E-04    0.3742E>04  0.2609E-04 

0.5289E.07    0.2927E-O8    0.7503£»08    0.466SE-09    0.1906E-09    0.1S87E-09  0.1310E-09  o,i~86E-09  0.5375E-08  0.3230E>08    0.8S97fO7  0.a80»£-07 

0.2300E-04    0.5*IOE-0»    0.8662E-0*    O.^lftOE-OS    0.IJ80E-0S    0.1260E-05  O.ll»SE'0S  0.1219C*OS  6.7332E-0*  0.5683E-0*    0.2932E>0*  0.167SC-0* 

O.2*38£«01    0.1726£.*l    0.1322E-0I    0.2032E-01    O.I213E-01     0.51»*f-00  0.—99E.OO  0.IS36E-0I  0.1320E-01  3.1815E-0I     0.3S06E-01  0.2213E-01 

0.8473E-00    0.10*1E«OI     0.9»79£«00    0.120SE-01    0.7«18E*00    0.5693E-00  0.5302E-00  0.7521EO0  0.7178E«00  0.8307E-00    0.7836E-00  0.6*18E>06 

0.1*»7€«»1    O.JSIWOI     0.6572E.01    0.131*t>02    0.I331E-02    0.1»iS£-02  0.1585E-02  0.U90E-02  0.7SOOE-01  0.i02»£.01    0.2748E-01  0.I9I6CO1 

STATISTICS    ON    NORMAL    ANNUAL    "FANS  I  ALL    OATS) 


STATISTICS    ON  LM   NONTHLT    "FANS1ALL    OATS) 


8T    ROV5CWEAN. VARIANCE. STAW1AOO    OCVIATIONi  SKCXNESSa    COEFT.    OF    VA»1 AT  ION. PERCENTAGE    OF    AVERAGE    FLOU) 

0.33I5E-01     0.351'E-O)     0.373*C*01    0 « 3989E . 0  I    0.4104E-01  0.42SSE-01    0.4264E-01    0.M00E-01  0.3906E.01     0.3714£.ol  0.3*8K>01    0.33S1C»0> 

0.8393E-01    0.1716£>00    0.21S3E-00    0.2*60C>00    0.1727E»O0  0.99-55COI     0.66*OE-01    O.I036E-00  0.9190C-01    0.106*E>00  0.707JE-0)     0.538** -91 

•  -2B97EO0    O.»l»2t>00    O.'MOf.OO    0.4960000    0. 'ISM. 00  0.316IE«00    0.2577E«00    0.32I8E-00  0.3031C-00    0.3261E°O0  0.26S9E-00    0.2321C>*4 

8.7SO7E.00    0.37*1E«00-0.3538E-01    0.6S40E- 0  I -0.6909E . 00-0 . I 078F .0 1-0 . 4322E •00-0,JoS7fOO  O.A229C-01    0.1*12E°00  0.19I7E-00    0.507«t>»» 

•.873SC-01    0.I178£«00    0.12*3E«00    0.1243E-08    0.1013E-00  0.7430E-01     0.6040E-01     0.78S0E-01  0.7758E-OI     0.87S1E-01  0.7624E-O1    0.6928I-*! 

•.7248J.0I     0.7690E-01    0.8I63C'01    O.S721E>01    0.B972E-01  0.9303E-01    0.9327E-01     0.896JE-01  0.6543C-01    0.8119C.01  0.7626E-9I    0.7325Z«*I 

STATISTICS    ON  LOG    ANNUAL    NEANSIAU.    OATS) 


19*7 

198800 

1913 

235000 

1925 

27400 

1926 

54209 

1927 

102000 

1928 

52000 

1929 

7310* 

1938 

15900* 

1931 

18600 

1932 

84000 

1933 

114008 

1934 

25208 

1935 

48500 

1934 

38308 

1937 

18300* 

1938 

7100* 

1939 

104008 

1949 

77488 

19*1 

2130* 

1942 

59009 

1943 

9890* 

1944 

912*0 

19*5 

105000 

194* 

4550* 

1947 

8020* 

1948 

77000 

1«49 

110000 

195* 

140000 

1951 

69300 

1952 

76500 

1953 

405OO 

1954 

12300 

1955 

45*00 

195* 

60000 

1957 

8*000 

1958 

92300 

1959 

100800 

19*0 

579*0 

19*1 

13200* 

19*2 

S5900 

19*3 

82500 

19*4 

106000 

19*5 

48000 

19** 

32100 

19*7 

62000 

19*8 

96*0* 

19*9 

9*800 

1970 

S1600 

1971 

6*300 

1972 

67000 

1973 

SMOO 
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APPENDIX  D-3.    STATISTICAL  STREAM  FLOW  DATA  FOR  BUSSERON  CREEK  (10). 


053*2500  Butiera  Craak  I 


LOCATION. --Ut  it'il'lV.  leaf  87*2S'33",  Is  M*  tunvf  17,  Vlncentes  Tract,  Sulilven  Ccuoty,  on  left  bank  10  ft  (3  a)  ctaaotn 
fna  bTidt*  an  Suu  Hlgtaar  S*.  l.S  alia  (2.4  u>)  norThwn  of  Cirlljlt,  end  6.1  alia  (10.9  ka)  upitraaa  froa  acuta. 

BIAINACT  ASEA.--228  al>   (591  ka1). 

-now  affected  by  Soil  QneeieaLiaa  Sarvlca  nnon^aTeT-raterting  structures  and  *ttTj*B8  alnad  anas. 


0UMTI0H  TMU  OF  OMIT  OISOMMI  FW  TEM  OOIW  SOTDtUK  30 


•   10    11    12   13   1*   IS    16    IT    II    19   20   21    22   23   2*   25   26   2T   2*   29   30    31    32   33  3* 


19*7 
19*8 
19*9 


1951 

195* 
1953 
195* 
1955 


19*1 
1962 
1943 


NUX8EB  or  days  in  a«ss 

9  47  28  3*  1*  9  1*  26  2*  12  3   9  10  12  11  IS 
♦  20  3*  »S  31  16  1*  21  IT  7  11   (  20  13  IT 


a  u 


16  26  1»  a  T  5  S  21  31  2*  2*  20  30  22  26  19  IS  16  11  1*  9  6  2 

3  a   3   T  12  3  *  IS  IT  IS  19  la  3a  la  32  21  23  19  2a  11  13  16  T  23  5  3 

»   3  21  3*  19  42  29  »2  2T  18  13  23  13  II  10   3  13   T  20  »  6  4 

T  18  31  27  IT  20  33  3T  30  36  21  13  12  IS  12  9  12  12   3 

*  11  a  *  a  13  28  33  23  2a  30  24  22  IT  IS  16  13  17  29  18  16  6 

2  S  18  13  13  8  23  38  21  21  2*  2*  31  2*  22  a  22  12  13  28  8  3 

S  23  25  1*  II  9  18  16  17  17  12  1*  32  30  23  IS  12  17  12  27  7  5  3 

1   3   1   *  »  18  23  *l  IT  12  2*  18  12  21  15  17  17  25  IS  17  17  10  II  11   *  9  13 

2*  32  9  3  36  13  3*  27  13  25  18  IS  15  19  20  13  18  13  7   1   1  I  2  2 

8  18  16  2  7  5  18  IS  27  22  16  II  6  8  19  15  28  26  21  19  25  9  12  6  7  5  9  *  I 


5  2*  2   3  II  17  33  e*  28  26  38  2*  25  2*  14  IS  9  11  1  9  9 

9  1*  *  *  8  IS  2*  37  28  2*  2*  22  2*  23  13  13  13  6  *  7  18 

*  1*  22  17  23  21  *S  58  31  29  1*  13  18  IS  18  I*  16 

8  I*  19  S3  27  22  29  26  27  31  24  15  14  19  12  9  7  6 

14  I*  14  12  II  8  16  15  29  20  47  36  26  2*  17  17   7  13  8  11  I 


2     2     3     5] 


19*7 

19*8 

19*9 

197* 

1*71 

1*7* 

1*73 

CLASS 

era 

TOTaL 

accux  *e*CT 

a 

0.0* 

32 

1**5* 

i*«. a 

i 

a. la 

45 

l«4M 

99.7 

2 

a.  28 

27 

198*1 

9*.3 

3 

0.38 

13 

IMS* 

99.1 

4 

0.48 

7* 

1*841 

9*.* 

5 

8.46 

58 

1*7*  J 

9*. 2 

• 

8.88 

82 

187*5 

97.7 

T 

1.18 

164 

1*4*1 

9*.* 

• 

l.S* 

2*4 

1*457 

95.4 

la   23   2*   42  57  25  17    14   28    17    14  la    12   17  17  13     8 

6   13   17  32  22  28   31   27   24  21    2*  40  20  12    10 

2     *     3     3   18   22    19  32  SI   42   23   31    29  8   11      S  It  8     6 

4   17  20   27  25   2*  42  34  27  25  25   II    14  14   II    13  7  4     5 

7      3   18   34  42  27  25   19    17    16  28  29   IS   14  13  11      9 

8   18   22   14   18   23   39  22  22  28    14    15  2*  28    13  23  11  8      I 

13   35  23  14  29   14   IB    II    24  3*   33  22  22  28     9 

4   24    18  18  26  23   38   35  27  24   28   24  17  14   17     4     7     8     4 

24   13  28  22   14  24   35   34  25   38   28  14  13   11      6   11    12     5 

I    IS  27  14   15  24   2*   34  3*  43  2*  22  2*     8    13     7   II    18 

8   24  26  28  28   64  44   32  33  14  22  14  8     5     3     2   II      2 

3   3IS*34222*13  2*3*3S1«1*  5  7     4     5     4     *     7 

1  23  12  8  13  11  17  24  35  28  25  27  33  32  1*  13  2*  12 


3      4      4       111 


9   12    19     4     2     2     2 


CUSS     CF5         TOTAL    acCUH  PC*CT 


CLASS      CFS        TOTaL   ACCUM  P£«CT 


2.2* 

31* 

10189 

93.9 

3.1* 

339 

9*7* 

99.1 

4.3* 

593 

9531 

87.* 

6.1* 

412 

9*28 

82.4 

a. a* 

57* 

8414 

74.8 

12.08 

729 

78*8 

71. S 

17.88 

4*7 

7111 

44.4 

24. *8 

694 

442* 

S8.4 

454     5738     52.3 


4*.a 

757 

5*7* 

44.3 

47.* 

737 

4314 

39.4 

95.* 

451 

3SS2 

32.7 

13a.  a 

435 

2931 

24.7 

198.8 

4SS 

229* 

21.0 

248.8 

345 

1*4| 

14.8 

378.8 

323 

147* 

13.5 

538.8 

255 

1153 

la.s 

74*. » 

242 

89* 

8.2 

T4T92.4 
93958.1 
44194.8 
121051.2 
208134. T 

949T3.1 
115T93.9 
42264.* 

3429.4 
35944.1 

441T2.4 
144914.8 
114*40.0 
83845.9 
54594.1 

6MT2.S 

74012.4 
51052.0 
29435.2 
3*574.0 

33T4I.3 
43538.9 
89349.7 
9*134.7 
88421.2 

49827. S 
47558.9 
1344*4.8 


CLASS      CR        TOTaL   ACCUN   Pl»CT 
2T  1088  3*3        454        5.9 


1509 

IT2 

21*9 

113 

294* 

43 

41*8 

2* 

5899 

* 

929* 

1 

lojest  km  taamm,  ■  e«.  m  mam,  rm  lm  Faxons  uaci  or  coBtarriw  mis  a  »»»  onus  wan  31 


re** 

1 

3 

7 

14 

39 

44 

94 

120 

183 

4WaML 

1.54 

3 

3.2* 

3 

3.19 

2 

3.78 

2 

174.88   12 

1*44 

2.** 

17 

2.9* 

IT 

let* 

14 

4.04 

14 

4.54 

18 

44.28 

28 

71.9* 

27 

a*.  3* 

27 

1*6.08 

25 

34*. 88   25 

1947 

*.»• 

7 

0.48 

T 

0.48 

4 

1.98 

i 

1.99 

7 

2.88 

4 

18.4* 

11 

la.aa 

18 

2*. 9* 

19 

1*4.88    11 

1944 

1.4* 

4 

0.44 

4 

0.88 

7 

1.1* 

4 

3.10 

11 

14.66 

21 

19.3* 

18 

29.79 

18 

29.78 

11 

25*.**   19 

1949 

1.9* 

14 

2.** 

14 

2.40 

14 

5.7* 

21 

8.94 

22 

15.58 

14 

41.50 

24 

44.28 

22 

41.10 

22 

344. ••   2* 

195* 

6.1* 

24 

4.2* 

24 

7.70 

25 

13.7* 

29 

34.34 

29 

78.9* 

29 

74.2* 

28 

93.1a 

28 

1*4.88 

24 

488. 88    2* 

1951 

2.50 

14 

2.88 

14 

3.30 

17 

4.1* 

14 

5.60 

14 

17.1* 

22 

83.78 

29 

13*. as 

29 

158.88 

28 

322.08   24 

1952 

2.00 

IS 

2.10 

IS 

2.4* 

15 

4.0* 

IS 

4.94 

13 

25.6* 

2* 

41.70 

25 

64.08 

23 

**.!* 

23 

304.08  23 

1953 

1.20 

10 

1.30 

10 

1.50 

10 

1.60 

4 

1.79 

6 

3.5* 

8 

4.99 

10 

18.38 

9 

12.88 

7 

154.00    18 

1954 

1.1* 

3 

0.2* 

4 

0.3* 

4 

0.3* 

3 

0.64 

2 

1.18 

1 

1.29 

1 

1.48 

1 

l.aa 

1 

34.28      1 

1*55 

*.*• 

1 

*.*• 

1 

0.0* 

1 

O.eO 

1 

0.96 

1 

1.48 

2 

3.78 

6 

3.30 

3 

4.38 

3 

54.18      2 

195* 

*.*a 

* 

(.40 

a 

1.20 

It 

1.30 

• 

I.S0 

S 

5.08 

11 

29.08 

23 

39.90 

21 

44.88 

14 

143.08      4 

195T 

l.S* 

11 

1.40 

11 

1.88 

11 

2.10 

11 

2.3* 

10 

4.48 

9 

5.99 

8 

a.3a 

7 

23.68 

9 

126.0*      « 

195* 

7.4* 

27 

7.7* 

27 

8.00 

2* 

o.so 

25 

12.9* 

25 

is. sa 

2* 

24.88 

20 

64.3* 

24 

1*3.08 

29 

410.00   2* 

195* 

11. aa 

2* 

II. 0* 

29 

11.99 

29 

12.9* 

2* 

14.98 

24 

26.36 

27 

24.30 

21 

82.90 

24 

121.08 

27 

286.00  22 

194* 

5.48 

23 

4.2* 

25 

4.40 

23 

8.40 

24 

15.88 

27 

25.58 

25 

27.4* 

22 

33.78 

14 

49.5* 

21 

185. 88   13 

19*1 

1.48 

13 

1.7* 

12 

1.40 

12 

2.10 

12 

2.20 

8 

2.80 

7 

3.60 

5 

5.30 

5 

6.10 

5 

95.70      7 

1942 

3.30 

1* 

3.5* 

18 

4.10 

19 

4. SO 

18 

5.60 

14 

8.90 

14 

11.48 

12 

23.70 

15 

34.18 

13 

240.00    20 

1943 

s.ao 

24 

4.1* 

23 

6.94 

24 

4.50 

26 

11.48 

23 

17.88 

23 

23.  sa 

14 

34.10 

20 

34.48 

15 

184.00    14 

1*4* 

0.1* 

2 

*.l* 

2 

0.30 

2 

0.40 

2 

a. sa 

3 

2.66 

4 

3.10 

2 

3.70 

4 

s.ia 

4 

74.10      4 

1445 

1.20 

4 

1.3* 

9 

1.4* 

9 

1.90 

1* 

3.7* 

12 

9.00 

1* 

5.60 

7 

5.80 

6 

8.40 

6 

88.30      5 

1944 

l.S* 

12 

1.70 

13 

2.10 

13 

3.90 

13 

6.60 

19 

4.90 

12 

13.10 

14 

26.60 

17 

41.4* 

16 

41.00      4 

1947 

0.20 

4 

0.20 

3 

0.30 

3 

1.10 

7 

2.20 

4 

2.70 

5 

3.50 

4 

9.90 

8 

17.08 

8 

223.00    16 

194* 

3.50 

19 

3.70 

19 

4.10 

14 

4.30 

17 

5.60 

IS 

12.70 

16 

16.60 

16 

22.10 

14 

42.38 

17 

223.00    17 

19*4 

4.40 

22 

4.70 

22 

4.80 

21 

S.20 

19 

5.80 

17 

7.30 

13 

7.50 

9 

18.30 

13 

34.58 

14 

274.00    21 

1*7* 

0.90 

28 

4.30 

28 

9.70 

28 

12.50 

27 

18.70 

28 

21.90 

2» 

51.38 

26 

79.20 

25 

103.00 

24 

239.00    18 

1971 

6.00 

25 

7.00 

26 

0.20 

27 

9.30 

23 

12.50 

24 

15.20 

18 

19.00 

17 

25.10 

16 

47.10 

20 

194.00    IS 

1971 

4.30 

21 

4.40 

21 

6.10 

22 

6.70 

22 

a.ao 

21 

14.00 

17 

14.10 

15 

IS. 70 

12 

30.90 

12 

72.60       3 

1973 

3.80 

20 

4.10 

20 

».»0 

20 

5.20 

20 

7.60 

20 

12.50 

15 

12.60 

13 

14.40 

11 

44.10 

18 

347.00    27 
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APPENDIX  D-3    (CONTINUED) 


HIMEST  KM  DISCHAKC.   M  CF5,  WO  UUKIIS.   FO*  TIC  FOUOhllkS  UNO  OF  COOBECUnK  MTS  II  YFJUI  UOIM  SEPTOKI  30 


1*51 
1*92 

1953 

195* 

1955 

1956 
1957 

1WI 
1*59 


IWI 
IM2 
1963 
19** 
1965 


19 


1971 
197? 
1973 


2720.0  IS 
2600.0  20 
2760.0  17 
3720.0  9 
8500.0   I 

2670.0  1* 
35*«. 0    11 

3380.0  13 
325. 0  30 
1800.0   27 

3220.0  15 
4900.0  6 
5200.0  » 
3100.0  16 
1510.0   24 

•160.0  2 
33*0.0  1* 
3650.0  10 
2570.0  21 
2310.0  23 

1730.0  26 

4*60.0  a 
3*50.0  12 
5710.0  3 
2200.0  25 

2190.0  26 
2300.0  2* 
2**0.0  22 


2*20.0  19 
2170.0  23 
2*50.0  la 
3300.0  11 
7020. 0   2 

25*0.0  17 
3260.0  12 
3330.0  10 
221.0  30 
1570.0  2B 

2890.0  15 

4500.0  5 
«750.0  * 
2880.0  16 
1130.0  24 

7050.0  1 
2950.0  1* 
3520.0  9 
2260.0  21 
2070.0  26 

16*0.0  27 
3990.0  7 
30*0.0  13 
53*0.0  3 
2150.0  2* 

2180.0  22 
2090.0  25 
2290.0   20 


1720.0  20 
16*0.0  23 
1720.0  21 
2370.0  • 
•810.0   1 

laaa.o  16 

1980.0  IS 

2000.0  1* 

116.0  30 

862.0  26 

1620.0  2* 
3210.0  5 
3320.0  * 
2020.0  13 
609.0  29 

*710.0  2 
1720.0  22 
2190.0  11 
1530.0  25 
1170.0  27 

1510.0  26 
2970.0  6 
2270.0  9 
3830.0  3 
1760.0  19 

1780.0  17 
2050.0  12 
1770.0  ia 


1090.0  20 
1060.0  21 
9*5.0  23 
1990.0  5 
3*00.0   1 

1*10.0  1* 
1850.0  7 
1170.0  18 
63.5  30 
573.0  28 

805. c  26 
1730.0  8 
2180.0  » 
12*0.0  17 

550.0  29 

2300.0   2 

1060.0  22 
15*0.0  12 
810.0  2* 
592.0  27 

806.0  25 
16*0.0  10 
1320.0  15 
2290.0  3 
1100.0  19 

1280.0  16 
1550.0  11 
1*20.0  13 


817.0  20 
922.0  15 
9*0.0  1* 
15*0.0  2 
2*60.0   1 

87*. 0  17 
1230.0  7 
833.0  19 
56.5  30 
37*. 0  29 

600.0  2* 
1200.0  10 
1200.0  5 
1030.0  11 

"3.0  27 

1370.0  * 
730.0  22 

1230.0  8 
567.0  25 
**3.0  20 

5*9.0  26 
960.0  13 
78*. 0  21 
1530.0  3 
6**.0  23 

863.0  16 
901.0  16 
1210.0   9 


*7S.O  23 

737.0  10 

612.0  IS 

1100.0  2 

1860.0  1 

6*a.O  13 

837.0  7 

527.0  18 

37.2  30 

352.0  26 

380.0  25 

907.0  5 

826.0  9 

709.0  11 

338.0  27 

83*. o  a 

SOO.O  21 

659.0  12 

»08.0  2* 

266.0  29 

336.0  28 

575.0  17 

589.0  16 

863.0  6 

♦95.0  22 

510.0  20 

523.0  19 

935.0  * 


396.0  21 

575.0  10 

469.0  IS 

91*.0  2 

1**0.0  1 

56*. 0  12 

713.0  7 

400.0  20 

29.2  30 

266.0  27 

32*. 0  2* 

793.0  » 

6*0.0  9 

571.0  11 

291.0  25 


252.0  28 

4*7.0  16 
5*1.0  13 
739.0  5 
459.0  19 

390.0  23 
392.0  22 
717.0   6 


4?i.,o  ia 

450,0  IS 

450.0  16 

78*. o  3 

1260.0  1 

539.0  8 

6*6.0  7 

316.0  21 

25.0  30 

231.0  27 

306.0  2* 
673.0  * 
«96.0  11 

49*. 0  12 

297.0  25 
535.0   9 

464.0  1* 

36*. 0  19 
216.0  28 
209.0  29 

231.0   2* 

400.0  13 
533.0  10 
663.0  5 
*2».0    17 

310.0  22 
308.0  23 
6*8.0      6 


183 
2*0.0    22 
592.0      3 

3*8.0  16 

410.0  11 

316.0  18 

564.0  5 

921.0  1 

45*.o  a 
saa.o    « 

22*. 0  25 
18.3  30 
17*. 0   28 

280.0  19 

502.0  6 

393.0  12 

390.0  13 

244.0     21 

367.0  1* 
3*6.0  17 
256.0   20 

154.0  29 
190. 0    26 

176.0    27 

4*4,0  10 

449,«  9 

468.0  7 

3S6.0  IS 

236.0  23 
236.0  2* 
620.0      2 


ANNUM. 
122.0   2* 
30*. 0      6 


5*8.0       1 

258.0  * 
316.0  * 
116.0  25 
10.8  30 
96.2   27 

175.0  19 
276.0  7 
315.0  5 
230.0  13 
1SS.0   20 

loa.o  17 

203.0  16 
1*0.0  21 
81.0  29 
106.0   26 

92.*  28 
256.0    10 

244.0      11 

272.0      8 


137.0  22 
130.0  23 
369.0      2 


STATISTICS    Oil    MINI    HCkTHlY    *EMtS<Atl    OATS  I 
OCT  HO*  SEC  JA«  Ft*  MUCH  AMU  MV  JUNE  JUIT  AUC  SEPT 

at  ocuirEtk.xaiMCE.STANOoao  deviation^  skehness.  coeff.  of  vaoiation.feacentase  or  aveoage  ho>i 

0.3374E4C2    0.135*£*03   O.21*3E*03  0. 33096*03  0*3*71E*OI   0.41936*03   0.42396*03   0.276M**3  0.10T0E403    0.66O*E«02   0.3*3*6*02  0.*2J2E402 

0.299SE4O*   0. 34496*05   0.0186E»05   0.2*30**06  0.  UUKM  S.***9E40S   0.*T»7E*OS    0.796*E*OS   ».*77»E«4H    0.1004£»O5   0.22286*04  0.70506*04 

0*S*«*E*42    0, 11576*03    0.21*16*03   0.*93O£*0J  O.illlEMS  0.30746*03  0.312*003    0.26226*0:    0.2185**03    0*10u3E*O3   0.*72OE«O2  O.A6*0E«O2 

O.MOtEXl    0.1613**01   0.20*26*01    0. 3115E»0I  0.12  596*01    0.99*16*00   0.60436*00    C.  17736*01    0.217OE.O1    0.19*7E*Ot   0. 30*06*01  0.47296*01 

0.161*6*01   0.13726*01   0.1J29E««1    0.14906*01  0.9193E««0  0.73306*00   0, 7369t*0O   0.1022E*01   0.11*3E*01   0.11656*01   0.1.2996*01  0.208*E»Ol 

0.1313E*CI    C.!342E«01    C. 0*956*01    0.130*6*02  0.13706*02   0.1655E*02   0.16736*02    0. 10.96. Oi   0. 74106*01    0.3395E»01    0.1*346*01  0.1*7*E*01 


STATISTICS    CM   NOIH1AI 


At    MMSIIU    OAYSI 
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APPENDIX  D-3    (CONTINUED) 


STATISTICS    Ck    ICC    "CHHIT    "EAkSIAll    OATS) 


BY    fC»S<««E»N,»AMA»CE.5TAN0AK>    CEVIATIGN,    SKEDNESS.    CCEFF.    0*    VAXIATION.PERCENTASE    OF  AVEOASE     FLOWI 

j.il*6E*»-     -.1626£*J1    C.l»676*ul    0. 21276*01     I.J3J1H01    0.2*856*01    0.2*776*01    0.223eE«Ol    0.200*E*H  0.15316*01    0.1286**01  0.117*t*01 

0.3M»E*CC    ?.6t.62E*C0   0.3«62E*OO    0.*»53E«O«    C.t9j76*00    0.16291*00    0.16996*00    0.19036*00    0.2786E*00  0.68966*00    0.26266*00  O.v»636»00 

k.b«»7F»tC    C.779SE*CC    J.765oE.OO    0.6«21E»C0    L.S»l«<iO    O.*0J66»OO    O.*l226*00    0.»3636*O0    0.52784.00  0.830*6*00    0.512*6*00  0.66816*00 
O.2*53t«Oi.-0.2ai7E*OO-t.«CC6E»C0-0.5600£»OO-C.7S7<.E*C0-O.12»5E*01-O.7l31E*OO   0.  7962E-9  1-0.  21*  1E*00-0.1767E*«1    C.  20  716-0  1- 0.  12066*00 

6.3W1E*I.9    C.«7f7E*O0    C.»101fc*Ou    0.32066*00    1..23556.CO    0.162*6*00    0.  IM*t*M    0.  19»9E*00    0.263*6*00  0.5*236*00    0.39856-H5O  0.56916*00 

0.5l«9£*Cl     t. 73026*01    O."38et*0l     C.  95556*01     h. 103*6*02    O.lllo6*02    0.11136*02    0.10056*02    C.  90026*1.  I  0.69796*01    0.57764*01  0.52736*01 


STATISTICS    ON    l  JC    UM.il    KEANSIALL    OATS) 


HEAN 

VAMANCE 

C,.2Mi*»l 

0.92*0  E-Ol 

UMUl  PUU 

19«» 

»700 

19.5 

5500 

19*6 

2900 

19*7 

2750 

19»H 

3100 

19*9 

.200 

1950 

"COO 

1951 

2900 

195? 

*070 

1943 

3*90 

195* 

•  30 

1955 

?0»u 

1955 

39»0 

1957 

5500 

>95« 

5*00 

1959 

3100 

19*0 

1*90 

1961 

85«0 

196? 

3570 

19*1 

3970 

196* 

2  750 

19*5 

2600 

19*« 

1920 

19*7 

»7«0 

19** 

35*0 

19*9 

5M0 

1970 

2650 

1971 

2**0 

1972 

2*00 

1973 

2620 
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APPENDIX  E 


LOW-FLOW  CHARACTERISTICS  FOR 
SELECTED  STREAMS  IN  KNOX  COUNTY  (11) 
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APPENDIX  F 


LOESS  THICKNESS  MEASUREMENTS 
IN  KNOX  COUNTY  (20) 
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APPENDIX  F.    LOESS  THICKNESS  MEASUREMENTS  IN  KNOX  COUNTY  (20). 


!Site 

Township 

Range 

Section 

Total  Depth 

Underlying 

:no. 

in  Inches 

Material 

:  1 

5N 

9W 

10,  SE40, SW10 

165 

silty  clay  loam 
Illinoian  Till 

:  2 

5N 

9W 

13. SW160.  SW40 

155 

Illinoian  Till 

:  3 

5N 

8W 

18.  5E10 

no 

silty  clay  loam 
Illinoian  Till 

:  4 

SN 

8W 

17. SE40. SW10 

90 

silty  clay  loam 
Illinoian  till 

:  5 

5N 

8W 

22.  NE160. NW10 

70 

silty  clay  loam 
Illinoian  till 

:  6 

5N 

8W 

26.  NW160. NE40 

65 

silty  clay  loam 
Illinoian  till 

:  7 

5N 

8U 

35.  NE160.  SE40 

70 

silt  loam 
Illinoian  till 

:  8 

4N 

BW 

12, NE160.  SW40 

100 

silt  loam 
Illinoian  till 

:  9 

5N 

10W 

36. SE10 

250+ 

gray  100-200" 

:  10 

3N 

10U 

2.  NE160 

235 

sandy  loam 
Illinoian  outwash 

:  n 

3N 

10U 

11.  NE160 

185 

sandy  loam 
Illinoian  outwash 

:  12 

3N 

10W 

36.  NE160 

160 

Illinoian  outwash 

:  13 

3N 

10W 

Grant  3. mid- 
dle of  SW  side 

175 

Illinoian  drift 

:  14 

3N 

9W 

Grant  161. 1/4  mi. 
NW  of  E  corner 

105 

silty  clay  loam 

:  15 

2N 

9W 

Grant  228.  1/4  mi. 
W  of  center 

95 

clay  loam 
Illinoian  outwash 

:  16 

2N 

8W 

29. SE160. SW10 

no 

silty  clay  loam 
Illinoian  till 

:  17 

IN 

8W 

3.  NW160.  SE40 

100 

silty  clay  loam 
residuum 

i  18 

IN 

8W 

10.  SW160.NW40 

150 

silty  clay 
residuum 

!  19 

2N 

10W 

26.  NE160. NW40 

275 

Illinoian  outwash 

:  20 

4N 

9W 

Grant  95. NW40 

110 

silty  clay  loam 
Illinoian  till 

:  21 

4N 

9W 

Grant  186, NW40 

125 

silt  loam 

11 linoian  till 

:  22 

4N 

8W 

Grant  142. 

90 

silt  loam 
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APPENDIX  F    (CONTINUED) 


iSite 

Township 

Range 

Section 

Total  Depth 

Underlying 

:no. 

in  Inches 

Material 

SW1/4. NE1/4 

Illinoian  till 

:  23 

4N 

8W 

Grant  233, 
NE1/4, SE1/4 

100 

silt  loam 
shale  soil 

:  24 

4N 

8W 

15. SW160.  SE40 

120 

silt  loam 
Illinoian  till 

:  25 

5N 

7W 

4. SW160.  NW40 

90 

shale  residuum 

i  26 

5N 

8W 

1. SF40- NE10 

85 

silty  clay  loam 
Illinoian  till 

:  27 

5N 

8W 

25,  SE160,  NE40 

105 

silty  clay  loam 
Illinoian  till 

i  26 

3N 

9W 

Grant  91. 1/4  mi. 
U  of  center 

90 

silt  loam 
Illinoian  till 

:  29 

3N 

sw 

Grant  108. 
NW1/4.  NE1/4 

100 

silty  clay  loam 
Illinoian  till 

:  30 

• 

IN 

9W 

6,  NW40 

190 

silt  loam 

1 

i  31 

2N 

9W 

Grant  174. 
NE1/4.  NW1/4 

115 

Illinoian  outwash 

:  32 

2N 

9W 

Grant  36. 
Hamlin  Church 

190 

Illinoian  outwash 

i  33 

IN 

BW 

2.  NW160.SE 40 

125 

silt  loam 
Illinoian  till 

:  34 

2N 

8W 

20. NE40 

110 

silty  clay  loam 
Illinoian  till 

:  35 

3N 

9U 

31.SE10 

85 

undetermined 

i  36 

3N 

9W 

Grant  27,  Wl/4 

113 

111 inoian  till 

:  37 

3N 

9U 

Grant  67. Nl/4 

66 

Illinoian  till 

:  38 

3N 

9W 

Grant  65. Nl/4 

72 

silt  loam 

:  39 

3N 

8W 

Grant  80. Nl/4 

54 

111 inoian  till 

:  40 

3N 

8W 

Crantl09. N  1/4 

74 

11 linoian  till 

SAND  WITH  INCIPIENT  DUNE  DEVELOPMENT 


SLACKWATER   TERRACE 


FLOOD   PLAIN 


o  o 
\o°0 

SANDSTONE      SHALE        SANDSTONE  COAL 

PREPARED    UMOER    THE   SUPERVISION    OF    G   L      JOHNSON   AND  RD    MILES  FRAGMENTS     FRAGMENTS      FRAGMENTS 


1=^   ^      SAND  DUNES 

*/,     /A    SAND  WITH  INCIPIENT  DUNE  DEVELOPMENT 
-^ — J    OVER  OUTWASH  TERRACE 


fe^ 
J& 


.      ,7     v     SAND  DUNES  OVER  SANDSTONE -SHALE 
1    BEDROCK  PLATEAU 


III  II 1 

nun 

W  I  1,1  1 

II  M  l'l 

LACUSTRINE    PLAIN 


SLACK  WATER  PLAIN 


SLACKWATER   TERRACE 


FLOOD   PLAIN 


RIVER   TERRACE 


OUTWASH    TERRACE 


MUCK   AND  MARL  DEPOSITS 


SWAMP   DEPOSITS 


MISCELLANEOUS 


COAL  r   STRIP  MINES 


GRAVEL  PITS 


LAKE  OR  POND 


HIGHLY   ORGANIC  TOPSOIL  DEPRESSION 


URBAN    AREA 


BORING  SITES 


TEXTURAL      SYMBOLS 

{  SUPERIMPOSED      ON      PARENT        MATERIA 
TO     SHOW      RELATIVE        COMPOSITION) 


DRAWN       BY     ZHANG     MEI  ,  XUE    WEIQING 
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